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Part 3—Performance Reporting and Planning

Introduction

Part 3 presents NASA’sintegrated FY 2014 Annual Performance Report, FY 2015 Annual Performance Plan Update, and FY 2016 Annual Performance Plan.
It features asummary of NASA’s first-ever Strategic Review by strategicobjective, with strategic objective-level performance ratings selected by NASAin
consultation with the Office of Managementand Budget (OMB). Italso shows up to six years of historical rated performance alongside two years of future
plans. Togetherthisinformation provides aretrospective and prospective view of NASA’s performance.

The integrated report contains the following:

e Charts summarizing performance goal and annual performance indicator ratings, organized by strategicgoal.

e A summary of the annual Strategic Review by strategicobjective. The section below provides an overview of the strategicobjective content.

e Thestrategicobjective’s budget, actuals from FY 2014, the budgetrequestforFY 2016, and notional funding through FY 2020.

e The performance goals contributing to the strategicobjective. Each performance goal includes an FY 2014 performance rating, multiyear
performance trends beginning with FY 2011,3 any planned performance changes for FY 2015 or FY 2016, a narrative describing activities
contributing to performance progressin FY 2014, and an improvement plan for performance goals rated yellow orred. Figure 15 isa quick guide
to the performance tables.

e Theannual performance indicators associated with the performance goal, including the FY 2014 performance rating, multiyear performance
trends beginning with FY 2009, the planned performanceforFY 2015 and FY 2016, and a performance explanation forannual performance
indicatorsrated yellow orred.

NASA’s method fortrending multiyear performance dataisto show the linkages between measures tracking similar dataand annual progress for follow-
on program activities. Linked measures, evenif revised in subsequent years, are shown as related performance data. In some cases, measures have been
updated overthe years to improve accuracy and data quality.

3NASAintroduced performance goalswith its 2011 Strategic Planand, therefore, the performance goals onlytrend backto FY 2011. NASA has had annual measures since the 2003 Strategic
Plan and presents actualresults for up to six years. Additional years of actual results are maintainedin NASA’s performance data system.

FY 2014 Annual Performance Report and FY 2016 Annual Performance Plan a4




Part 3—Performance Reporting and Planning

How to Read the Strategic Objective Information

The information presented below the strategicobjectivesisthe result of NASA’s first Strategic Review, completed in spring 2014 in accordance with OMB
guidance. In addition, supporting performance goals and annual performanceindicators are provided in atable for each strategic objective.

Budget

Each strategicobjective consists of Contributing Programs. NASA provides the budget authority forthese programsinits annual Congressional
Justification, available at http://www.nasa.gov/news/budget/index.html. Through this budget—performance crosswalk NASAis able to estimate abudget
for each strategicobjective.

Actual Enacted Requested Notional
Budget Authority (in$ millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget Sxxxx e SXXXX SXXXX SXXXX SXXXX SXXXX

e The budget totals provided in the tableabove consistofa summation of the budget authority for each programthat contributes to the strategic objective. These
programs are provided under the “Contributing Program” header for each strategic objective. The source for the budget datais NASA’s FY 2016 Budget
Estimates.

e FY 2014 reflects funding amounts specified in the June 2014 Operating Plan per P.L. 113-76.

e Totalsfor FY 2015 are not availableatthis time; the initial operating planisnotyet approved.

e Note thattotals of all budgets provided for strategic objectives will notadd to the NASA total budget request; funds associated with the Inspector General do not
map to specific strategic objectives and arenotincluded in any strategic objective budget roll-up.

Strategic Review Assessment Rating

A subset of strategicobjectives are to be identified as achieving noteworthy progress or as a focus areafor improvement. The “Update of Progress Toward
Strategic Objective” section will note if NASA, in consultation with OMB, assessed the strategic objective as making noteworthy progress oras a focus are
forimprovement. If the section does not providearating, it means that NASA found that the strategicobjective is demonstrating satisfactory
performance.
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How to Read the Performance Goal and Annual Performance Indicator Information

Performance Goal Table and Fiscal Year Results

For each performance goal, NASA provides atable of information summarizing both results and plans. OMB Circular A-11 requires agencies to provide six
years of trended ratings, including the reporting fiscal year. NASAintroduced performance goalsinits 2011 StrategicPlan and, therefore, can only provide
up to fouryears of ratings. Each table alsoincludes “Planned Future Performance” for FY 2015 and FY 2016. The table will note if the performance goal
does not continue beyond FY2014. If NASAisintroducingthe performance goal in FY 2015 or FY 2016, the performance goal language will be providedin
the “Planned Future Performance” field, the FY 2014 rating field willbe “None,” and the FY 2011 through FY 2013 rating fields will be “No PG this fiscal
year.”

The table alsoindicates the “Contributing Theme” and “Contributing Program” responsible for pursuing activities as described in the performance goal.

The “FY 2014 Performance Results” summarizes the work related to the performance goal. Itincludes a performance improvement plan for performance
goalsratedyellow orred.

ormance Goa 0 0 0 014
No PG No PG No PG

Achieve critical milestones in development of new systems forthe human exploration of deep space. this this this
(Agency Priority Goal) fiscal fiscal fiscal ee
year year year

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Exploration Systems Development | Contributing Program: Multiple Programs

Annual Performance Indicator Table

The annual performance indicatortablesfollowthe same format as those for the performance goals, except thatthey trend to FY 2009. NASA does not
summarize the performance results forthe annual performance indicators; however, it provides an “Explanation of Rating” for annual performance
indicatorsrated yellow orred.

| Fy 2009
No API this
fiscal year

| FY2010 | FY2011 | FY2012 | FY2013 | FY2014
CYREN HeEc-11-1 | ESD-12-1 | ESD-13-1 | ESD-14-1
fiscal year Green Green Green Green

Annual Performance Indicator
ForFY 2014: Complete the Critical Design Review (CDR) ofthe Space Launch System (SLS) Core
Stage.

Planned Future Performance

For FY 2015: ESD-15-1: Complete the Space Launch System (SLS) Critical Design Review (CDR)insupport of Key Decision Point D.

For FY 2016: ESD-16-1: Conduct the second of two Space Launch System (SLS) booster qualification motor test firings (QM-2).

Contributing Theme: Exploration Systems Development | Contributing Program: Space Launch System
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Strategic Goal 1

Part 3—Performance Reporting and Planning

Strategic Goal 1: Expand the frontiers of knowledge, capability, and opportunity in space.

StrategicObjective 1.1:
Expand human presence
into the solar system and
to the surface of Mars to
advanceexploration,
science, innovation,
benefits to humanity,and
international collaboration.

Strategic Objective 1.2:
Conduct research on the
International Space Station
(1SS) to enable future space
exploration, facilitate a
commercial space
economy, andadvance the
fundamental biological and
physical sciences for the
benefit of humanity.

StrategicObjective 1.3:
Facilitateand utilize U.S.
commercial capabilities to
deliver cargo and crewto
space.

Strategic Objective 1.4:
Understandthe Sun andits
interactions with Earth and
the solar system, including
space weather.

Strategic Objective 1.5:
Ascertain the content,
origin, and evolution of the
solar systemand the
potential for life
elsewhere.

StrategicObjective 1.6:
Discover howthe universe
works, explore how it
began andevolved,and
searchfor life on planets
around other stars.

Strategic Objective 1.7:
Transform NASA missions
and advance the Nation’s
capabilities by maturing
crosscutting andinnovative
space technologies.

FY 2014 Performance Goals

e 1.1.1:Achievecritical
milestonesin
development of new
systems for the human
exploration of deep
space.(Agency Priority
Goal)

e 1.1.2:Complete System
Requirements Reviews by
FY 2015 for the In-Situ
Resource Utilization
Demonstration
Experiment on the Mars
2020 mission.

e 1.1.3:Develop
technologies to enable
autonomous mission
operationsinspace to
increase affordability.

e 1.1.4:Mature
environmental control
and life support system
(ECLSS) technology to
enablehuman
exploration beyond low
Earth orbit.

e 1.2.1:Increase utilization
of the International Space]

Station’sinternal and
external research

facilities. (Agency Priority,

Goal)

e 1.2.2:Maintain capability]

for six on-orbitcrew
members.
e 1.2.3:Advance

engineering, technology,

and science research.

e 1.2.4:Ensure vitalassets
are ready, available,and
appropriately sized to
conduct NASA’s Mission.

e 1.2.5:Conductbasicand
appliedbiological and
physical research to

advanceand sustain U.S.

scientificexpertise.
e 1.2.6:Providecargo

transportation to support|

on-orbit crew members
and utilization.

e 1.3.1:Facilitatethe

development of and
certify U.S. industry-
based crew
transportation systems
while maintaining
competition. (Agency
Priority Goal)

1.3.2: Invest financial and
technicalresources to
stimulate efforts within
the private sector to
develop and demonstrate]
safe, reliable, and cost-
effective space
transportation
capabilities.

e 1.4.1:Demonstrate

progressin exploring the
physical processesinthe
space environmentfrom
the Sun to Earthand
throughout the solar
system.

1.4.2: Demonstrate
progressin advancing
understanding of the
connections that link the
Sun, Earth and planetary
space environments, and
the outer reaches of the
solar system.

1.4.3: Demonstrate
progressin developing
the knowledge and
capability todetect and
predict extreme
conditionsin spaceto
protect life and society
and to safeguardhuman
and robotic explorers
beyond Earth.

1.4.4: By December 2017,
launch twomissionsin
support of Strategic
Objective1.4.

1.5.1: Demonstrate
progressin advancing the|
understanding of how the
chemicaland physical
processes in the solar
system operate, interact
and evolve.

1.5.2: Demonstrate
progressin exploring and
observing the objectsin
the solar system to
understand howthey
formed and evolve.
1.5.3: Demonstrate
progressin exploring and
finding locations where
life could have existed or
could existtoday.

1.5.4: Demonstrate
progressinimproving
understanding of the
origin and evolution of
life on Earth toguide the
searchfor life elsewhere|
1.5.5: Demonstrate
progressin identifying
and characterizing objects|
inthe solarsystemthat
pose threatsto Earthor
offer resources for
human exploration.
1.5.6: By December 2017,
launch at least two
missionsin support of

StrategicObjective 1.5.

1.6.1: Launch the James
Webb Space Telescope.
(Agency Priority Goal)
1.6.2: Demonstrate
progressin probing the
origin and destiny of the
universe, including the
nature of black holes,
dark energy, dark matter,
and gravity.

1.6.3: Demonstrate
progressin exploring the
origin and evolution of
the galaxies, stars, and
planetsthat make up the
universe.

1.6.4: Demonstrate
progressin discovering
and studying planets
around other starsand
exploring whether they
could harbor life.

1.6.5: By December 2018,
launch at least one
mission insupport of
StrategicObjective 1.6.

e 1.7.1:Exploreand

advance promising early
stage solutions to space
technology challenges
through investment
acrossthe U.S. innovation
community.

1.7.2: Advance
technologies that offer
significantimprovement
to existing solutions or
enable newspace science
and exploration
capabilities.

1.7.3: Mature new
crosscutting space
technology capabilities
for demonstration.
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Summary of Performance for Strategic Goal 1
Comparison of Ratings for Performance Goals and Annual Performance
Indicators by Strategic Objective, FY 2013
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Indicators by Strategic Objective, FY 2013
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Comparison of Ratings for Performance Goals and Annual Performance
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Indicators by Strategic Objective, FY 2014

Lead Objective PGs
HEOMD. 1.1
HEOMD 1.2
HEOMD 1.3
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SMD 1.6

STMD 1.7

Total
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Strategic Objective 1.1

advance exploration, science, innovation, benefits to humanity, and
international collaboration.

Lead Office Goal Leader
Human Exploration and Operations Mission Directorate (HEOMD) Greg Williams, Deputy for Policy and Management, HEOMD

Contributing Programs
Advanced Exploration Systems (AES), Exploration Ground Systems (EGS), Orion Multi-Purpose Crew Vehicle, Space Launch System (SLS)

Budget for Strategic Objective 1.1

Expand human presence into the solar system and to the surface of Mars to

Actual Enacted Requested Notional
Budget Authority (in$ millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $3,268 --- $3,094 $3,127 $3,389 $3,913 54,024

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information” sectionin the introductionto Part 3.

Vision for Successin 10 Years
In 10 years, NASA will have anew human deep-space exploration architecture with SLS, Orion, and other high-priority capabilities needed forhuman
exploration and pioneering.

Update of Progress Toward Strategic Objective
The NASA 2014 Strategic Review found that:

e HEOMD isimplementing aniterative, strategicapproach to prioritize activities that support human exploration beyond low Earth orbit.

e Strategiesare demonstrating successinachieving the strategicobjective, includingthe agency priority goal. HEOMD is progressing well towards

completion of near-term Program milestones with no scheduleslips.

e SLS, Orion, and EGS are currently making satisfactory progress toward Exploration Mission (EM)-1, and while there may be technical challengesin
the out-years, the programs continue to meettheir milestones.
e Challengesinclude: Schedule and cost pressures; and development of the human systems needed to executethe Asteroid Redirect Mission.
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FY 2014 achievementsincludethe following:
e Completingthe Critical Design Review (CDR) forthe SLS core stage.
e Completing Orion manufacturing and assembly, in preparation for Exploration Flight Test (EFT)-1.
e Completingthe EGS Preliminary Design Review (PDR).
e Successfully demonstratingan autonomous flight demonstration of the Autonomous Landing and Hazard Avoidance Technology (ALHAT) hazard
detectionand avoidance and precision landing system on the Morpheusvehicletest bed.
e Highlighted achievements during FY 2014 are detailed in the NASA FY 2014 Agency Financial Report.

Next Steps
NASA ison track to achieve the agency priority goal to “complete the Space Launch System, Orion, and Exploration Ground Systems CDRs, allowing the
programs to continue to progress toward Exploration Mission (EM)-1and EM-2 missions” by September 2015.

Additional details on the strategies for this strategicobjective can be found in the NASA 2014 StrategicPlan.

NextSteps inFY 2015
e Complete Critical Design Reviews for both SLS and EGS.
e Continuetoplanforan Asteroid Redirect Mission to visitan asteroid mass placed in lunarorbit.

FY 2014 Performance Measures

Strategic Objective 1.1: Expand human presence into the solar system and to the surface of Mars to advance exploration, science, innovation, benefits to humanity,
and international collaboration.

Performance Goal 1.1.1: Achieve critical
milestonesin development of new systems for the
human exploration of deep space. (Agency Priority

Performance Goal 1.1.2: Complete System
Requirements Reviews by FY 2015 for the In-Situ
Resource Utilization Demonstration Experiment

Performance Goal 1.1.3: Develop technologies to
enableautonomous mission operations in space
to increase affordability.

Performance Goal 1.1.4: Mature environmental
control and life support system (ECLSS)
technology to enable human exploration beyond

Goal) on the Mars 2020 mission. low Earth orbit.

Annual Performance Indicators

e ERD-14-5: Conduct integrated subsystem tests
forimproved waterrecovery and more reliable
atmosphere revitalization systems.

e ERD-14-2: Complete International Lander e ERD-14-4:Test Autonomous Mission Operations
contribution assessments for the robotic software for the International Space Stationto
precursor mission. reduce crew’s dependence onground-based
ERD-14-3: Award contracts toindustry to mission control.

fabricate andtestseveral proof of concept
asteroid capture mechanisms.

ERD-14-6: Define the payload concept for the In{
Situ Resource Utilization Demonstration
Experiment on Mars 2020 mission.

e ESD-14-1: Complete the Critical Design Review
(CDR) of the Space Launch System (SLS) Core
Stage.

e ESD-14-2: Complete Orion manufacturing and .
assembly sothe spacecraft is ready for launch
vehicleintegration for the Exploration Flight Test
1 (EFT-1). .

e ESD-14-3: Complete the Exploration Ground
Systems Program Preliminary Design Review
(PDR).
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Performance Goal Ratings for Strategic Objective 1.1, FY 2011 through FY 2014
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FY 2014 Annual Performance Report and FY 2016 Annual Performance Plan

52



Strategic Goal 1—Strategic Objective 1.1 Part 3—Performance Reporting and Planning

ormance Goa 0 0 0 014
No PG No PG No PG

Achieve critical milestonesin development of new systems forthe human exploration of deep space. this this this
(Agency Priority Goal) fiscal fiscal fiscal ee
year year year

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Exploration Systems Development | Contributing Program: Multiple Programs

FY 2014 Performance Results

In FY 2014, NASA made significant progress towards achieving this agency priority goal, andis on track to complete itin FY 2015. NASAis developingthe
Nation’s firsthuman deep-space exploration capability with the Space Launch System (SLS) and the Orion crew vehicle. With the support of the
Exploration Ground Systems Program, SLS and Orion will carry humans fartherinto space than everbefore.

In July 2014, NASA completed the SLS core stage Critical Design Review (CDR). The CDRis a significant review that demonstrates that the design of the SLS
is mature enough for production. NASA also signed the SLS Key Decision Point (KDP)-C memorandum on August 26, 2014. The KDP-Creviewisan
assessment of aproject’s readiness to move from formulation into full-scale development. The memorandum documents that the project has metall of
the KDP-Ccriteria.

During FY 2014, NASA prepared forthe Orion Exploration Flight Test (EFT)-1, which launched an uncrewed Orion flight test vehicle to approximately 3,600
feettotestcritical vehicle systems. NASA completed initial power-on tests and functionaltests of the Orion test vehicle, as well as test vehicle
manufacturingand assembly. On September 7, 2014, NASA delivered the completed Orion crew service moduleto ground processingonits way to the
Space Launch Complex-37launch pad. The crew service module is a primary component of the Orion EFT-1 spacecraft. In FY 2015, on December5, 2014,
EFT-1 completedits uncrewed testand was recovered successfully.

In March 2014, NASA completed the Preliminary Design Review (PDR) for the Ground Systems Development and Operations (GSDO) Program. The PDR
ensuresthatthe designsand systems selected are appropriate to the program’s needs, that the risks have been assessed, and that the estimated costand
schedule baselines are acceptable. The GSDO Program’s missionis to prepare the Kennedy Space Centerto process and launch the next generation of
rockets and spacecraftin support of NASA’s exploration objectives by developing the necessary ground systems, infrastructure, and operational
approaches. The GSDO PDR validated that the ground systems designs were on track to process and launch the SLSand Orion from the Kennedy Space
Center.Inaddition, NASA signed the GSDO KDP-C memorandum on September 9, 2014.

More detailed information on this agency priority goal isincluded in Part 2 of thisdocument.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Complete the Critical Design Review (CDR) of the Space Launch System (SLS) Core No APl this [ No API this HEC-11-1 ‘ ESD-12-1 ‘ ESD-13-1 ‘ ESD-14-1

Stage. fiscal year | fiscal year Green Green Green Green
Planned Future Performance

For FY 2015: ESD-15-1: Complete the Space Launch System (SLS) Critical Design Review (CDR)in support of Key Decision Point D.

For FY 2016: ESD-16-1: Conduct the second of two Space Launch System (SLS) booster qualification motor test firings (QM-2).

Contributing Theme: Exploration Systems Development | Contributing Program: Space Launch System

Annual Performance Indicator

For FY 2014: Complete Orion manufacturing and assemblyso the spacecraftis readyforlaunch
vehicleintegrationforthe Exploration Flight Test 1 (EFT-1).

Planned Future Performance
For FY 2015: ESD-15-2: Complete Orion Key Decision Point-C.
For FY 2016: ESD-16-2: Beginassemblyandintegration of the Orion Exploration Mission-1flight article in the Armstrong Operations and Checkout Building at the Kennedy Space Center.
Contributing Theme: Exploration Systems Development | Contributing Program: Orion Multi-Purpose Crew Vehicle

FY 2009

No API this
fiscal year

FY 2010
No API this
fiscal year

FY2011 | FY2012 | FY2013 | FY2014
HEC-11-2 | ESD-12-2 | ESD-13-2 | ESD-14-2
Green Green Green Green

Annual Performance Indicator | FY2009 | Fy2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Complete the Exploration Ground Systems Program Preliminary Design Review (PDR). No API this No API this No API this No APl this NO APl this ESD14'S
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance
For FY 2015: ESD-15-3: Complete the Exploration Ground Systems Program Critical Design Review (CDR).
For FY 2016: ESD-16-3: Complete the Exploration Ground Systems Program System Integration Review (SIR).

Contributing Theme: Exploration Systems Development | Contributing Program: Exploration Ground Systems
Perfto 3 2 03 [ 0 U 014
No PG
Complete System Requirements Reviews by FY 2015 for the In-Situ Resource Utilization Demonstration this
Experiment onthe Mars 2020 mission. fiscal ee ee ee
year

Planned Future Performance

For FY 2015: Complete the Systems Requirements Review by FY 2015 for the In-Situ Resource Utilization Demonstration Experiment on Mars 2020.
For FY 2016: Complete Design Reviews for planetary In-Situ Resource Utilization Demonstrations.

Contributing Theme: Exploration Research and Development | Contributing Program: Advanced Exploration Systems

FY 2014 Performance Results
NASA’s Advanced Exploration Systems (AES) Program is pioneering new approaches to develop prototype systems, demonstrate key capabilities, and
validate operational concepts for future human missions beyond Earth orbit. The AES Program focuses on crew safety and mission operationsin deep

FY 2014 Annual Performance Report and FY 2016 Annual Performance Plan 54


http://www.nasa.gov/directorates/heo/aes/

Strategic Goal 1—Strategic Objective 1.1 Part 3—Performance Reporting and Planning

space. Early integration and testing of prototype systems reduces risk and improves the affordability of exploration mission elements.

NASA is planningaroboticmission to Mars in 2020 to further address key questions about the potential for life on Mars. The mission will provide
opportunities to gather knowledge and demonstrate technologies, such asin-situ resource utilization (ISRU). The AES Program, in collaboration with
NASA’s Space Technology Mission Directorate (STMD), plans to deploy a carbon dioxide capture, storage, and oxygen-processing payload to demonstrate
the value of ISRU in reducing mission cost and risk for future human missions. On July 30, 2014, NASA selected the Massachusetts Institute of Technology-
led Mars Oxygen ISRU Experiment (MOXIE) as a payload forthe Mars 2020 mission. MOXIE will be co-funded by the AES Program and STMD.

In addition, NASA is proposing an Asteroid Redirect Mission to divertalocal asteroid into an accessible orbit. Through this mission, NASA will make strides
intechnical capabilities, such as solarelectric propulsion and capture mechanisms, which will enable operations in human space explorations missions.

In July 2014, NASA awarded four contracts to industry to fabricate and test proof-of-concept asteroid capture mechanisms:

e Airborne Systems North Americain Santa Ana, CA—The “Asteroid Capture System” study willfabricate and test a proof-of-conceptinflatable
capture system.

e Jacobsin Houston, TX—The “Asteroid Capture System Conceptual Study” will test asubscale capture system using mechanically deployed booms.

e Altius Space Machinesin Louisville, CO—The “Kraken Asteroid Boulder Retrieval System” will test prototype grasping arms and gripper concepts
for capturing a boulder off the surface of an asteroid.

e Space Systems/Loral in Palo Alto, CA—The “Autonomous Boulder Liberation Equipment” study will demonstrate roboticarms for placementand
handling of pneumaticexcavation tools, boulderjacking devices, and positive capture and restraint tools.

| FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014
No APl this | No APl this [ No APl this ERD-12-4 ERD-13-2 ERD-14-2
fiscal year | fiscal year | fiscal year Green Green Green

Annual Performance Indicator
For FY 2014: Complete InternationalLander contribution assessments for the robotic precursor
mission.

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: Exploration Research and Development I Contributing Program: Advanced Exploration Systems

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Award contracts to industry to fabricate and test several proofof concept asteroid No APl this | No APl this | No APl this | No APl this | No API this ERD-14-3
capture mechanisms. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: ERD-15-2: Down-select asteroid capture system for the Asteroid Redirect Mission (ARM).

For FY 2016: No API this fiscal year

Contributing Theme: Exploration Research and Development | Contributing Program: Advanced Exploration Systems
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Define the payload concept for the In-Situ Resource Utilization Demonstration No APl this | No APl this | No APl this | No APl this | No API this ERD-14-6
Experiment on Mars 2020 mission. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: ERD-15-3: Complete the Systems Requirements Review (SRR) for the In-Situ Resource Utilization Demonstration Experiment on Mars 2020 mission.

For FY 2016: ERD-16-2: Complete the Critical Design Review (CDR) for the In-Situ Resource Utilization Demonstration Experiment on the Mars 2020 mission.

Contributing Theme: Exploration Research and Development | Contributing Program: Advanced Exploration Systems

Performance Goa 0 0 0 014

Develop technologiesto enableautonomous mission operationsin space toincrease affordability.

Planned Future Performance

This performance goal does not continue past FY 2014.

Contributing Theme: Exploration Research and Development | Contributing Program: Advanced Exploration Systems

FY 2014 Performance Results

NASA’s Advanced Exploration Systems (AES) Program is developing revolutionary new approaches to further automate mission operations. When humans
explore near-Earth objects, Mars, and other destinations deep in space, astronauts and flight controllers nolonger will be able to relay messages and
commands back and forthina matter of seconds. By the time word gets back to mission control, the crew may need to already be working on a solution
to an anomaly or performing operations independently during a time-critical mission phase. The AES Program is working to reduce crew dependence on
ground-based mission control by automating flight dynamics and consumables management on the International Space Station (ISS).

During FY 2014, NASA integrated autonomous mission operations software onto the Total Organic Carbon Analyzer(TOCA) hardware onboard the ISS. The
TOCAis usedto ensure that reclaimed wateraboard the ISSis safe to drink. The ISS crew first used the autonomous mission operations software on
September5,2014. The crew is usingthe software to optimize the operation of the TOCA hardware and test the fidelity of the software. Each week, the
onboard crew uses autonomous mission operations software to provide arecommendation of what TOCA activities are required forthe next planning
cycle. The experimentis designed to integrate with established ground analyses and planning cycles to reduce the riskto the crew and equipment.

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Test Autonomous Mission Operations software for the International Space Stationto | No APl this | No APl this [ No APl this | No API this | No API this ERD-14-4
reduce crew’s dependence on ground-based mission control. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: Exploration Research and Development I Contributing Program: Advanced Exploration Systems

FY 2014 Annual Performance Report and FY 2016 Annual Performance Plan 56


http://www.nasa.gov/directorates/heo/aes/
http://www.nasa.gov/mission_pages/station/main/

Strategic Goal 1—Strategic Objective 1.1 Part 3—Performance Reporting and Planning

ormance Goaz 0 0 0 014
No PG No PG No PG

Mature environmental control and life support system (ECLSS) technology to enable human exploration this this this /
beyond low Earth orbit. fiscal fiscal fiscal ee
year year year

Planned Future Performance

This performance goal does not continue past FY 2014.

Contributing Theme: Exploration Research and Development | Contributing Program: Advanced Exploration Systems

FY 2014 Performance Results

NASA’s Advanced Exploration Systems (AES) Program is developing capabilities to provide a safe environment forastronauts and minimize the resupply
burden of deep space habitats. As NASA prepares forthe next great era of space exploration, extending humanity’sreach beyond low Earth orbitforlong-
termresearch and study of the Moon, Mars, asteroids, and otherbodies across the solarsystem, itis developingand testinglife-support systems to make
those journeys possible. The AES Program isimproving the reliability of waterrecycling, air revitalization, and environmental monitoring systems of life-
support systems using ground test beds.

In FY 2014, the AES Program tested improvements to the waterrecovery and atmosphere revitalization components of the Environmental Controland Life
Support System (ECLSS) aboard the International Space Station (ISS). The ECLSS is designed to:
e Provide oxygenformetabolicconsumption;
e Provide potable waterfor consumption, food preparation, and hygienicuses;
Filter orremove carbon dioxide, particulates and microorganisms, and volatile organictrace gases fromthe cabin air;
e Monitorand control cabin air partial pressures of nitrogen, oxygen, carbon dioxide, methane, hydrogen, and watervapor;
Maintain total cabin pressure, cabin temperature, and humidity levels; and
e Distribute cabin airbetween connected modules.

NASA used the Cascade Distillation System (CDS), arotary distillation system with the potential for greater reliability and lower energy costs than existing
distillation systems, to treat wastewater streams with different pre-treatment regimens, producing purified water at 85 percent process efficiency. NASA
also completed integrated chambertesting of ISS-derived atmosphere revitalization systems and demonstrated that they have reduced mass and
improved reliabilitycompared to the systems currently in use aboard the ISS.

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Conductintegrated subsystem tests forimproved water recoveryand more reliable No APl this | No APl this | No APl this | No APl this | No API this ERD-14-5
atmosphere revitalization systems. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: No API this fiscal year

For FY2016: No API this fiscal year

Contributing Theme: Exploration Research and Development | Contributing Program: Advanced Exploration Systems
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Performance Goal FY 2011 FY 2012 FY 2013 | FY 2014
No PG No PG No PG

Does not trend to FY 2014. Fhls fch|s Fhls None
fiscal fiscal fiscal
year year year

Planned Future Performance
For FY 2015 and FY 2016: 1.1.5: Incorporate autonomous controlsin life support subsystems testing toincrease reliability.
Contributing Theme: Exploration Research and Development | Contributing Program: Advanced Exploration Systems

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

For FY2014: Does nottrendto FY 2014. NOAPIthlS NOAPIthlS NoAPIth|s NOAPIthIS NoAPIthls None
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: ERD-15-4: Integrate sensors and feedback controls with the air-revitalization s ubsystem to increase system performance.

For FY 2016: ERD-16-4: Analyze the performance of sensors, controls, and multiple life-support system components inintegrated tests.

Contributing Theme: Exploration Research and Development | Contributing Program: Advanced Exploration Systems

Performance Goal FY2011 FY 2012 FY 2013 | FY 2014
No PG No PG No PG

Does not trend to FY 2014. Fhls jch|s Fhls None
fiscal fiscal fiscal
year year year

Planned Future Performance

For FY 2015: No performance goal thisfiscal year

For FY 2016: 1.1.6: Demonstrate systems concepts and technology forthe Asteroid Redirect Mission (ARM).

Contributing Theme: Exploration Research and Development | Contributing Program: Advanced Exploration Systems

Annual Performance Indicator | FY2009 | FY2010 | Fv2011 | FY2012 | FY2013 FY 2014

For EY 2014: Does not trend to FY 2014. No APl this | No APl this | No APl this | No APl this [ No API this None

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY2016: ERD-16-3: Demonstrate s pacesuits and operational concepts for asteroid extravehicular activity (EVA).

Contributing Theme: Exploration Research and Development | Contributing Program: Advanced Exploration Systems
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Strategic Objective 1.2

Conduct research on the International Space Station (ISS) to enable future
space exploration, facilitate a commercial space economy, and advance the
fundamental biological and physical sciences for the benefit of humanity.

Lead Office Goal Leader
Human Exploration and Operations Mission Directorate (HEOMD) Greg Williams, Deputy for Policy and Management, HEOMD

Contributing Programs
Human Research, Human Space Flight Operations, International Space Station

Budget for Strategic Objective 1.2

Actual Enacted Requested Notional
Budget Authority (in$ millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $3,220 - $3,382 $3,554 $3,930 $4,115 54,330

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information” sectionin the introduction to Part 3.

Vision for Successin 10 Years
NASA will advance benefits to humanity through research, enable acommercial demand-driven marketin low Earth orbit, enable long-duration human
spaceflight beyond low Earth orbit, and provide a basis for international exploration partnerships.

Update of Progress Toward Strategic Objective
The NASA 2014 Strategic Review found that:

e TheInternational Space Station (ISS) isthe cornerstone of human exploration and operations. Both the life extension to 2024 and the commercial
cargo successes facilitate increased availability of research opportunities.

e Strategiesare demonstratingsuccessin achievingthe strategicobjective.

e Challengesinclude: Utilizing ISS toits fullest capability; managing crew time as research demand grows; maintaining steady pace of
resupply/return missions from commercial partners; and bringing commercial crew partnersto a regular operational flight cadence.

e Opportunitiesinclude: Avariety of new possible partnerships (commercial, interagency, international).
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FY 2014 achievementsincluded the following:

The ISS achieved amilestonein early July 2014 of reaching 5,000 days of humans livingand working aboard the station.

Two U.S.-developed commercial cargo delivery systems successfully delivered research and logistics hardware to the ISS.

Increased ISS facility occupancy and accomplished on-orbit research and technology development objectives. Utilization of the ISS broadened to
capitalize on the external unpressurized capabilities of the station.

The first Center for the Advancement of Science in Space (CASIS)-sponsored payloads were delivered to the ISS, successfully broadening space
research on the national laboratory toinclude investigators outside the space community.

Highlighted achievements during FY 2014 are detailed inthe NASA FY 2014 Agency Financial Report.

Next Steps

The ISS Program and its International Partners have completed reviews to ensure that the on-orbitinfrastructure is certified to safely operatethe ISS
through at least 2024. In addition, NASAisontrack to achieve the agency priority goal to “increase the utilization of the International Space Station
internal and external research facility sites with science and technology payload hardware to 70 percent” by September 2015. NASA will continue working
towardsthe goal of increasing utilization of the ISS by expanding the availability of crew time for research through efficiencies, and through future
augmentation to seven crew, planned with the arrival of commercial crew capability in 2017.

Additional details on the strategies forthis strategicobjective can be foundinthe NASA 2014 StrategicPlan.

NextSteps in FY 2015

Maintain a safe and functional on-orbit platform.
Continue to expandthe ISS on-orbitresearch program, including continuing to increase utilization of ISSinternal and external research facilities.
Continue the commercial and International Partner cargo missions to resupply the ISS.
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FY 2014 Performance Measures

Strategic Objective 1.2: Conduct research on the International Space Station (ISS) to enable future space exploration, facilitate a commercial space economy, and

advance the fundamental biological and physical sciences for the benefit of humanity.

Performance Goal 1.2.1:
Increase utilization of the
International Space Station’s
internal and external research
facilities. (Agency Priority Goal)

Performance Goal 1.2.2:
Maintain capability for six on-
orbit crew members.

Performance Goal 1.2.3:
Advance engineering,
technology, and science
research.

Performance Goal 1.2.4:Ensure
vital assetsareready, available,
and appropriatelysized to
conduct NASA’s Mission.

Performance Goal 1.2.5:
Conduct basicandapplied
biologicaland physical research
to advance andsustain US.
scientificexpertise.

Performance Goal 1.2.6: Provide
cargo transportationto support
on-orbit crew members and
utilization.

Annual Performance Indicators

e |SS-14-4: Increase facility

occupancy beyond the FY 2013

baseline of 60 percent.

® |SS-14-1:In concertwith
International Partners,
maintaina continuous six-crew
capability onISS by
coordinating and managing
resources, logistics, systems,
and operational procedures.

e ERD-14-1: Complete two space|

radiationnational research
campaigns atthe NASA Space
Radiation Laboratory at
Brookhaven National
Laboratory.

e |SS-14-3: Accomplisha
minimum of 90 percentofthe
on-orbit researchand
technology development
objectives.

e SFS-14-7: Appropriately size

the astronaut corps to provide

timely assignments based
upon mission needs.

e [SS-14-5: Complete all pre-
flight activitiesand be ready to
support thelaunch of thefirst
flight with animals.

e [SS-14-6: Conduct successful
Critical Design Reviews (CDR)
for four physical science
payloads anda Preliminary
Design Review (PDR) for the
Cold Atom Laboratory in FY
2014.

e |SS-14-7: CASIS will release two|

Requests for Proposals,
complete proposal evaluation,
and select research projects
for ISS execution in FY 2014.

e [SS-14-8: Produce 450 peer-
reviewed publications from
projectsin humanresearch,
space biology,and physical
sciences.

e |SS-14-2: Complete at least
three flights by U.S.-developed
cargo delivery systems,
delivering research and
logistics hardware tolSS.
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Performance Goal Ratings for Strategic Objective 1.2, FY 2011 through FY 2014
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Annual Performance Indicator Ratings for Strategic Objective 1.2, FY 2009
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Pastfiscal years do notinclude annual performance indicators that do not trend to the current fiscal yearannual performance indicators.
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ormance Goa 0 0 0 014
No PG No PG No PG

Increase utilization of the International Space Station’s internal and external research facilities. (Agency this this this
Priority Goal) fiscal fiscal fiscal ee
year year year

Planned Future Performance

This performance goal continues through FY 2015.

Contributing Theme: International Space Station | Contributing Program: International Space Station

FY 2014 Performance Results

In FY 2014, NASA made significant progress towards achieving this agency priority goal. The International Space Station (ISS) is on track to achieve its

70 percent occupancy goal (also referredto as facility utilization) by the end of FY 2015. NASA measures facility utilization by combining the occupancy of
internal research facility sites, the occupancy of external research facilities, and the use of available duty cycles of operationalfacilities.

The ISS isa world-renowned laboratory that performs multidisciplinary researchin science and technology. NASAisincreasing the utilization of the ISS to
conduct scientificresearch, for exploration-related technology development, and to foster commercial investmentin space. Increasing facility utilization is
a function of the demand forthe use of ISS, whichiis driven by the funding of research by NASA, other government agencies, and the private sector; and
the capacity of the laboratory to support research, which is determined by the infrastructure in orbit, the transportation system, and the crew availability.

During FY 2014, the following research payloads werelaunched to the ISS:

e OnlJanuary7, 2014, Orbital Sciences Corporation’s Orbital-1launched with six CubeSats (i.e., miniaturized satellites for space research) and
science resupply.

e On April 18, 2014, Space Exploration Technologies Corporation’s (SpaceX’s) SpaceX-3 launched with two unpressurized payloads to be placed on
the exteriorof the ISS, the High Definition Earth Viewing (HDEV) camera and the Optical PAyload for Lasercomm Science (OPALS).

e OnlJuly12, 2014, Orbital-2launched with more CubeSats and science resupply.

e OnlJuly29, 2014, the European Space Agency’s Automated TransferVehicle (ATV)-5launched with two new facilities, a new handrail exposure
facility and an electromagneticlevitator.

e On September 22, 2014, SpaceX-4launched with the ISS-Rapid Scatterometer, designed to measure near-surface ocean wind speed and direction;
new Rodent Research Hardware; and a three-dimensional printer, whichis the first step towards establishing an on-demand machine shopin
space.

NASA continues to make progress towards this agency priority goal in FY 2015. On January 10, 2015, SpaceX-5was launchedtothe ISS. Its payload
included the new Cloud-Aerosol Transport System (CATS) external payload to study the atmosphericconstituents thatimpact Earth’s climate.

More detailed information on this agency priority goal isincluded in Part 2 of this document.
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Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

For FY 2014: Increase facility occupancy beyond the FY 2013 baseline of 60 percent. No API this | No API this | No APl this | No APIthis | 155-13-4 155144
fiscal year | fiscal year | fiscal year | fiscal year Yellow Green

Planned Future Performance

For FY 2015: ISS-15-1: Continue to increase facility occupancy to 70 percent.

For FY2016: No API this fiscal year

Contributing Theme: International Space Station | Contributing Program: International Space Station

0 d e 03 0 0 0 D14

Maintain capability for six on-orbit crew members.

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: International Space Station | Contributing Program: International Space Station

FY 2014 Performance Results

The International Space Station (ISS) enables humanity to have an ongoing presence in space, and allows crew members to conduct scientificand
technology research that could not be done anywhere else. As NASA prepares forthe next great era of space exploration, extending humanity’s reach
beyond low Earth orbit for long-term research and study of the Moon, Mars, asteroids, and otherbodies across the solar system, the ISSis being used to
conduct medical and microgravity experiments and to test the systems that will be required forlong-durations missions.

During FY 2014, NASA maintained acrew of six onboard the ISS, except during scheduled crew rotation periods. Crew members representing the United
States, Russia, Japan, Canada, and Europe rotated every six months on the Russian Soyuz spacecraft. All of the required resupply flights, logistics, systems,
and operational procedures continued to supportasafe and effective ISS platformin space.

Annual Performance Indicator | Fy2009 | Fv2010 | Fy2011 | FY2012 | FY2013 | Fy2014
For FY 2014: In concert with International Partners, maintaina continuous six-crew capabilityon ‘ 91SS6 ‘ 101SS07 ‘ 1SS-11-1 ‘ 1SS-12-1 ‘ 1SS-13-1 ‘ 1SS-14-1
1SS by coordinating and managing resources, logistics, systems, and operational procedures. Green Green Green Green Green Green
Planned Future Performance

For FY 2015: 1SS-15-2: In concert with International Partners, maintain a continuous six-crew ca pability on ISSby coordinating and managing resources, | ogistics, systems, and operational
procedures.

For FY 2016: 1SS-16-2: In concert with International Partners, maintain a continuous six-crew ca pability on ISSby coordinating and managing resources, |l ogistics, systems, and operational
procedures.

Contributing Theme: International Space Station | Contributing Program: International Space Station
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Performance Goa 0 0 0 014

Advance engineering, technology, and science research.

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: International Space Station | Contributing Program: International Space Station

FY 2014 Performance Results
During FY 2014, the International Space Station (ISS) supported arobust research and development program, allowing NASAto achieve all of its planned
research objectivesto advance engineering, technology, and scientificresearch.

OnJune 17-19, 2014, the American Astronautical Society, in cooperation with NASA and the Centerforthe Advancement of Science in Space, held its third
annual ISS Research and Development Conference in Chicago, IL. More than 300 scientists and technologists attended the conference, which focused on
ISS discoveries, applications, and opportunities in microgravity, space and Earth science, enabling technologies, and science, technology, engineering, and
mathematics education. The conference alsoincluded a presentation of awards for the Most Compelling Scientificand Technology Results from the ISSin
2013.

During FY 2014, the ISS Program completed two national research campaigns at the NASA Space Radiation Laboratory (NSRL) at Brookhaven National
Laboratory, the firstin November2013 and the second in May 2014. Asastronautsspend an increasingamount of time in space, they are exposed to
more ionizingradiation. lonizing radiation is harmful to human beings, and prolonged exposure may resultin tumors, cancer, geneticdefects in offspring,
or death. NSRL is workingto understand and mitigate the possible risks to astronauts of exposure to space radiation. This work s critical to ensure the
safety of astronauts on long-duration missions beyond low Earth orbit.

Annual Performance Indicator FY 2009 FY2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Complete two space radiation national research campaigns atthe NASA Space No API this | No API this ERD-11-4 ERD-12-1 ERD-13-1 ERD-14-1
Radiation Laboratoryat Brookhaven NationalLaboratory. fiscal year | fiscal year Green ‘ Green ‘ Green ‘ Green
Planned Future Performance
For FY 2015: ERD-15-5: Begin ISSone-year missionjoint U.S.-Russian research plan and initiate on-orbit research i mplementation.
For FY2016: ERD-16-5: Complete the U.S.-Russianjoint human health and performance research project on the International Space Station one-year mission.
Contributing Theme: Exploration Research and Development | Contributing Program: Human Research

FY 2009
No API this
fiscal year

FY 2010
No API this
fiscal year

Annual Performance Indicator
For FY 2014: Accomplish a minimum of90 percent of the on-orbit research and technology
development objectives.

Planned Future Performance

For FY 2015: 155-15-3: Accomplisha minimum of 90 percent of the on-orbit research and technology development objectives.

For FY 2016: 15S-16-3: Accomplisha minimum of 90 percent of the on-orbit research and technology development objectives.

Contributing Theme: International Space Station | Contributing Program: International Space Station
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P 0 a E o U U U D14
No PG No PG No PG
. . . . S this this this /
Ensure vital assets are ready, available, and appropriately sized to conduct NASA’s Mission. . . .
fiscal fiscal fiscal ee
year year year
Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Space and Flight Support | Contributing Program: Human Space Flight Operations

FY 2014 Performance Results
In FY 2014, the astronaut corps was sized appropriately and metall mission needs and health standards. SixU.S. astronauts executed 100 percent of their
planned on-orbit mission objectives, enabling over 12,000 on-orbit crew hours during six expedition missions to the International Space Station (1SS).

In addition, NASA implemented refined crew qualification and selection criteria related to potential space-induced medical conditions, which is expected
to increase the diversity of crew members eligible for longer mission assignments.

Annual Performance Indicator | Fy2009 | Fvy2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Appropriatelysize the astronaut corps to provide timely assignments based upon No API this | No APl this | No APl this | No APl this | No API this SFS-14-7
mission needs. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: SFS-15-1: Appropriately size the astronaut corps to provide timely assignments based upon mission needs.

For FY 2016: SFS-16-1: Ensure the astronaut corps meets all mission-related training re quirements and mission-related health standards.

Contributing Theme: Space and Flight Support | Contributing Program: Human Space Flight Operations

Perfto 3 2 o [ 0 0 014

Conduct basicand applied biological and physical research to advance and sustain U.S. scientificexpertise.

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: International Space Station | Contributing Program: International Space Station

FY 2014 Performance Results
During FY 2014, NASA completed all of its annual performanceindicators, demonstratingits focus on conducting basicscientificresearch aboard the
International Space Station (ISS). Following are some of the majoraccomplishmentsin biological and physical research completed in FY 2014:
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e On September 21, 2014, the Space Exploration Technologies Corporation (SpaceX) launched SpaceX-4to the ISS. The payloadincluded the 20 mice
neededforthe Rodent Research Hardware and Operations Validation (Rodent Research-1) investigation, a prolonged biological study of the
effects of microgravity on animals.

e DuringFY 2014, NASA completed four Critical Design Reviews (CDRs). The CDRis a significant review that demonstrates that a designis mature
enough for production. The CDRs were completed on the following experiments:

1. Advanced Combustionvia Microgravity Experiments (ACME). ACMEisintended toimprove efficiency, reduce pollutants, and prevent fires,
especially for spacecraft, of advanced combustion systems.

2. Advanced Colloids Experiment-Heated (ACE-H). Colloidal mixtures, which are small particles suspendedinafluid, are foundin everyday
household products, fuels, and foods. ACE-H will examine how heat affects the composition of colloidal mixtures. Colloidal mixtures may
become the building blocks of future new materials.

3. Observation and Analysis of Smecticlslandsin Space (OASIS). OASIS will use a microgravity environment to advance the understanding of
the physics of complex fluids.

4. Packed Bed Reactor Experiment (PBRE). The packed bed reactoris a critical component of the leading water reclamation and air
revitalization technologies usedin life-support systems. PBRE will examine how areduced gravity environment affects the performance
and reliability of the reactors.

e In March 2014, NASA completed the Preliminary Design Review (PDR) forthe Cold Atom Laboratory (CAL). The PDR ensures that the designsand
systems selected are appropriate to the program’s needs, that the risks have been assessed, and that the estimated cost and schedule baselines
are acceptable. CALwill be afacility aboard the ISS for the study of ultra-cold quantum gasesin microgravity, enabling researchinan environment
that isinaccessible to Earth-based laboratories.

e The Centerfor the Advancement of Science in Space (CASIS) released three Requests for Proposals, including remote sensing, materials science,
and enablingtechnologies. The solicitations are intended to expand the use of the ISS by publicand private organizations otherthan NASA.

Annual Performance Indicator | FY2009 | FYy2010 | FY2011 | FY2012 | FY2013 | FY2014

For FY 2014: Complete all pre-flight activities and be readyto supportthe launch ofthe first flight 9AC3 10AC03 ERD-11-1 1SS-12-7 1SS-13-6 1SS-14-5
with animals. Green Green Green Green Green Green

Planned Future Performance

For FY 2015: 1SS-15-4: Carryout the first NASA Research Announcement-selected rodent researchinthe Rodent Research-2 project.

For FY 2016: 1SS-16-4: Carryout the NASA Research Announcement-selected researchinthe Rodent Research-3 project.

Contributing Theme: International Space Station | Contributing Program: International Space Station

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

For FY 2014: Conduct successful Critical Design Reviews (CDR)forfour physical scence payloads 9AC2 10AC02 ERD-11-3 1SS-12-9 1SS-13-8 1SS-14-6
and a Preliminary Design Review (PDR) forthe Cold Atom Laboratoryin FY 2014. Green Green Green Green Green Green

Planned Future Performance

For FY 2015: 1SS-15-5: Launch three physical science research payl oads to ISS; select investigators and conduct the Pre-Ship Review for the Cold Atom Laboratory.

For FY 2016: 1SS-16-5: Deliverto the International Space Station the Advanced Combustion via Microgravity Experiments module to conduct research focused on developing combustion
technology.

Contributing Theme: International Space Station | Contributing Program: International Space Station
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Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: CASIS will release two Requests for Proposals, complete proposal evaluation, and No APl this | No APl this | No APl this | No API this [ No API this 1SS-14-7
selectresearch projects forISSexecutionin FY 2014. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: ISS-15-6: Through the Center forthe Advancement of Science in Space (CASIS) cooperative agreement, release two Re quests for Proposal, complete proposal evaluation, and
selectresearch projects for International Space Station executionin FY 2015.

For FY 2016: 1SS-16-6: Through the Center forthe Advancement of Science in Space (CASIS) cooperative agreement, release two Re quests for Proposal, complete proposal evaluation, and
selectresearch projects for International Space Station executionin FY 2016.

Contributing Theme: International Space Station I Contributing Program: International Space Station

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Produce 450 peer-reviewed publications from projects in human research, space No APl this | No APl this | No APl this | No APl this | No API this 1SS-14-8
biology, and physicalsciences. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: 1SS-15-7: Produce 500 peer-reviewed publications fromprojects inhumanresearch, s pace biology, and physical sciences.

For FY 2016: 1SS-16-7: Produce 500 peer-reviewed publications fromprojects inhumanresearch, s pace biology, and physical sciences.

Contributing Theme: International Space Station | Contributing Program: International Space Station

Annual Performance Indicator | Fy2009 | Fv2010 | FY2011 | FY2012 | FY2013 | FY2014

For FY 2014: Does nottrend to FY 2014. No APIthis | No API this | No API this | No API this | NoAPIthis |\
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: 1SS5-16-9: Complete the data collection for the International Space Station Identical Twins Study, designed to better understand human genetic expression changes during
spaceflight.

Contributing Theme: International Space Station | Contributing Program: International Space Station

Perto 3 2 o} [ 0 U 014

Provide cargotransportation to supporton-orbit crew members and utilization.

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: International Space Station | Contributing Program: International Space Station
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FY 2014 Performance Results

During FY 2014, NASA continued to provide cargo transportation to the International Space Station (ISS), fully supporting on-orbit crew operations
through agreements with foreign partners and U.S. commercial providers. Cargo transportation was provided by the Russian Federation’s Progress
expendable cargo spacecraft, the European Space Agency’s (ESA’s) Automated Transfer Vehicle (ATV), the Space Exploration Technologies Corporation’s
(SpaceX’s) Dragon spacecraft, and the Orbital Sciences Corporation’s Cygnus automated cargo spacecraft.

In FY 2014, U.S. commercial providers completed four cargo flights to the ISS:

e InJanuary 2014, the Orbital Science Corporation’s first Commercial Resupply Services (CRS) flight, Orbital CRS-1, berthed with the ISS, delivering
1,465 kilograms of supplies, including research resupply, crew provisions, vehicle hardware, and spare parts.

e |n April 2014, SpaceX’s third CRS flight, SpaceX CRS-3, berthed with the ISS. SpaceX-3 CRS-3 carried 2,253 kilograms of supplies, including research
resupply, crew supplies, vehicle hardware, and spare parts.

e InJuly 2014, Orbital’s CRS-2flight berthed with the ISS, delivering 1,600 kilograms of supplies. Thisincluded research resupply, crew provisions,
food, vehicle hardware, and spare parts.

e |nSeptember2014, SpaceX’s CRS-4flight delivered 2,216 kilograms of supplies, including research resupply, crew provisions, food, vehicle
hardware, and spare parts.

Annual Performance Indicator
For FY2014: Complete atleastthree flights by U.S.-developed cargo delivery systems, delivering
research andlogistics hardware to ISS.

Planned Future Performance

For FY 2015: ISS-15-8: Complete at least three flights by U.S.-developed cargo delivery systems, delivering research and | ogistics hardware to ISS.

For FY 2016: ISS-16-8: Complete at least three flights, delivering research and logistics hardware to the ISS, by U.S.-developed cargo delivery systems.
Contributing Theme: International Space Station | Contributing Program: International Space Station

| FY2009 | FYy2010 | FY2011 | FY2012 | FY2013 | FY2014
No API this [ No APl this | No API this 1SS-12-3 1SS-13-2 1SS-14-2
fiscal year | fiscal year | fiscal year Green Green Green
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TN Strategic Objective 1.3
Facilitate and utilize U.S. commercial capabilities to deliver cargo and crew to
\ Space.
Lead Office Goal Leader
Human Exploration and Operations Mission Directorate (HEOMD) Phil McAlister, Division Director, Commercial Spaceflight Development
Division

Contributing Programs
Commercial Crew

Budget for Strategic Objective 1.3

Actual Enacted Requested Notional
Budget Authority (in S millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $696 --- $1,244 $1,185 $732 $173 S1

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information” sectionin the introductionto Part 3.

Visionfor Successin 10 Years
NASA will have the ability to utilize U.S. commercial space transportation capabilities to provide safe, reliable, and cost effective access toand from low
Earth orbitand the International Space Station (ISS) for crew and cargo.

Update of Progress Toward Strategic Objective
The NASA 2014 StrategicReview found that:

e Strategiesare demonstratingsuccessin achievingthis strategicobjective.
e Recentpastperformance of commercial cargo demonstrates several significant achievements.

e NASA’s primary challenges are adequate budget availability and phasing of budget to maximize competition as NASA moves forward into the new
Design, Develop, Test and Evaluate (DDT&E) and certification.

FY 2014 achievementsincluded the following:
e The Commercial Crew Certification Products Contracts were completed.
e The Commercial Crew Transportation Capability (CCtCAP) contracts were awarded.
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e Thefinal Commercial Orbital Transportation Services (COTS) demonstration flight to the ISS was completed in October 2013.
e Highlighted achievements during FY 2014 are detailed inthe NASA FY 2014 Agency Financial Report.

Next Steps
NASA ison track to achieve the agency priority goal by September 2015: “the Commercial Crew Program will completethe first phase of certification

efforts with Commercial Crew Transportation partners, and will make measurable progress toward the second certification phase with industry partners
while maintaining competition.”

Additional details on the strategies for this strategicobjective can be found in the NASA 2014 StrategicPlan.

NextSteps in FY 2015
e NASAwill continuemonitoring partner milestone progress based on CCtCap contract content.

FY 2014 Performance Measures

Strategic Objective 1.3: Facilitate and utilize U.S. commercial capabilities to deliver cargo and crew to space.

Performance Goal 1.3.1:Facilitate the development of and certify U.S. industry-based crew Performance Goal 1.3.2:Invest financial and technical resources to stimulate efforts within the private
transportation systems while maintaining competition. (Agency Priority Goal) sector to develop and demonstrate safe, reliable, and cost-effective space transportation capabilities.
Annual Performance Indicators
e (S-14-1: Complete the Commercial Crew Certification Products Contracts. e (S-14-4: Conduct Commercial Orbital Transportation Services (COTS) demonstration flight toSS.
e (S-14-2: Award the second phase Commercial Crew Transportation System certification contracts. e (S-14-5: Complete the evaluation of the Commercial Crew Transportation Capability (CCtCap)
proposals and begin contract operations while maintaining competition.
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Performance Goal Ratings for Strategic Objective 1.3, FY 2011 through FY 2014
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Pastfiscal years do notinclude annual performance indicators that do not trend to the current fiscal yearannual performance indicators.
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ormance Goa 0 0 0 014
No PG No PG No PG

Facilitate the development of and certify U.S. industry-based crew transportation systems while this this this
maintaining competition. (Agency Priority Goal) fiscal fiscal fiscal ee
year year year

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Commercial Spaceflight | Contributing Program: Commercial Crew

FY 2014 Performance Results

The NASA Commercial Crew Programis facilitating the development of U.S. commerecial crew space transportation capabilities, with the goal of achieving
safe, reliable, and cost-effective access to and from low Earth orbitand the International Space Station (ISS). Enabling a U.S. industry-based capability can
facilitate the development of acommercial market, providing new high-technology jobs and reducing the cost of human access to space.

In FY 2012, NASAinitiated the first phase of crew transportation systems certification by awarding Certification Products Contracts (CPCs) to the Boeing
Company, SierraNevada Corporation, and Space Exploration Technologies Corporation (SpaceX). Underthe CPCs, the commercial partners worked with
NASA to develop products that meetthe Agency’s flight safety and performance requirements and specifications. This included the certification across all
aspects of the integrated system, including the spacecraft, launch vehicle, and ground and mission operations. InJune 2014, NASA finalized and closed out
the CPCs withits three commercial partners.

The second phase of certification reached amajor milestone on September 16, 2014, when NASA awarded Commercial Crew Transportation Capability
(CCtCap) contracts to the Boeing Company and SpaceX to transport U.S. crews to and from the ISS by 2017. The contracts include atleast one crewed
flight test percompany, with atleast one NASA astronaut on board to verify that the fully integrated rocket and spacecraft system can launch, maneuver
inorbit, and dock to the ISS, as well as to validate that all systems perform as expected. Once each company’s test program has been completed
successfully and its system achieves NASA certification, each contractor will conduct atleast two, and as many as six, crewed missions to the ISS.

More detailed information on this agency priority goal isincluded in Part 2 of this document.

Annual Performance Indicator FY 2009 FY 2010 FY 2011

| FY2012 | FY2013 | Fy2014

No APl this CS-13-1 CS-14-1
Green Green

fiscal year

For FY 2014: Complete the Commercial Crew Certification Products Contracts.

Planned Future Performance

For FY 2015: CS-15-1: Continue monitoring partner milestone progress based on Commercial Crew transportation Ca pability (CCtCa p) contract content.
For FY 2016: CS-16-1: Continue monitoring partner milestone progress based on Commercial Crew transportation Ca pability (CCtCa p) contract content.
Contributing Theme: Commercial Spaceflight | Contributing Program: Commercial Crew
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Award the second phase Commercial Crew Transportation System certification No APl this [ No API this CS-11-4 ‘ CS-12-1 ‘ CS-13-2 ‘ CS-14-2

contracts. fiscal year | fiscal year Green Green Green Green
Planned Future Performance

For FY 2015: CS-15-2: Continue monitoring partner milestone progress based on agreement content.

For FY 2016: No API this fiscal year

Contributing Theme: Commercial Spaceflight | Contributing Program: Commercial Crew

0 3 e oF 0 0 0 014
Investfinancial and technical resources to stimulate efforts within the private sectorto develop and

demonstrate safe, reliable, and cost-effective space transportation capabilities. ee ee ee ee
Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Commercial Spaceflight | Contributing Program: Commercial Crew

FY 2014 Performance Results

The NASA Commercial Crew Program is working with multiple U.S. companies thatare designingand developing transportation capabilities to and from
low Earth orbitand the International Space Station (ISS). By supporting the development by the private sector of human spaceflight capabilities, NASA is
laying the foundation for future commercial transportation capabilities.

In March 2014, NASA solicited proposals from U.S. private enterprises to collaboratively develop new commercial space capabilities underits
Collaborations for Commercial Space Capabilities (CCSC) initiative. The CCSCinitiative will advance entrepreneurial efforts by giving private enterprises
access to NASA’s spaceflight resources. Using Space Act Agreements, NASA and its partners will agree to aseries of mutually beneficial activities. The
partnerships will have no exchange of funds, and each party will bear the cost of its participation. NASA’s contributions through resulting Space Act
Agreements could include technical expertise, assessments, lessons learned, technologies, and data. Atthe end of FY 2014, NASA was assessing the
proposals submitted by industries forthe CCSC effort.

CCSCisonly one of several NASA partnership initiatives with the commercial space industry. Forexample, during FY 2014, the Commercial Crew Program
also coordinated the Certification Products Contracts and Commercial Crew Transportation Capability contracts. This work is described inthe FY 2014
Performance Results for Performance Goal 1.3.1. The Commercial Crew Program completed all work planned for FY 2014 for these contracts on schedule
while maintaining competition.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Conduct Commercial Orbital Transportation Services (COTS) demonstrationflight to No APl this | No APl this | No APl this | No APl this | No API this CS-14-4
ISS. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: Commercial Spaceflight | Contributing Program: Commercial Crew

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Complete the evaluation of the Commercial Crew Transportation Ca pability (CCtCAP) [ No API this | No APIthis | No APl this [ No APl this | No API this CS-14-5
proposalsandbegin contract operations while maintaining competition. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: CS-15-3: Continue monitoring partner milestone progress based onagreement content.

For FY 2016: CS-16-2: Continue monitoring partner milestone progress based onagreement content.

Contributing Theme: Commercial Spaceflight | Contributing Program: Commercial Crew
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Strategic Objective 1.4
Understand the Sun and its interactions with Earth and the solar system,
including space weather.

Lead Office Goal Leader
Heliophysics Division, Science Mission Directorate Dr. Jeffrey Newmark, Interim Director, Heliophysics Division

Contributing Programs
Living with a Star, Solar Terrestrial Probes, Heliophysics Research, and Heliophysics Explorer

Budget for Strategic Objective 1.4

Actual Enacted Requested Notional
Budget Authority (in$ millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $641 - $651 $685 $698 $708 $722

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information” sectionin the introduction to Part 3.

Vision for Successin 10 Years
Furtherunderstanding of what causes the Sunto vary, how do the geospace, planetary space environments, and the heliosphere respond, and what are
the impacts on humanity.

Update of Progress Toward Strategic Objective
NASA, in consultation with the Office of Management and Budget, has determined that performance toward this strategic objective is making noteworthy
progress.

The NASA 2014 StrategicReview found that:
e Noteworthy progressis demonstrated by performance, cost, and schedule meeting planned progress, scientificachievements, and clear strategies
beingin place forcontinued success.
e Appropriate and sufficient strategies are in place to achieve the strategicobjective.
e The Heliophysics flight program has demonstrated satisfactory cost and schedule performance.
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Risks and challenges have beenidentified and are being addressed appropriately; the division is taking advantage of a range of opportunities such
as hosting a payload ona commercial communications satellite or Department of Defense spacecraft. The Heliophysics Division faces all the
challengesarticulated inthe NASA 2014 Science Plan, Chapter3.3.

The October 2013 governmentshutdown contributed to cost growth and schedule delays forthe Magnetospheres’ Multiscale (MMS) mission.

FY 2014 achievementsincludethe following:

On March 26, 2014, the Van Allen Probes mission achieved mission success.

NASA’s Interface Region Imaging Spectrograph (IRIS) spacecraft observed the low level of the Sun’s atmosphere, a constantly moving area called
theinterface region, in betterdetail than has everbeen achieved before.

The MMS mission completed all observatory environmental testing.

The NASA instruments (Heavy lon Sensorand HeliosphericImager) for Solar Orbiter successfully completed Critical Design Review.

Solar Probe Plus (SPP) will be the first mission to fly into the Sun’s atmosphere, or corona. SPP successfully completed Preliminary Design Review
and was confirmedto enterinto development.

NASA’s Voyager 1spacecraft officially became the first human-made object to venture into interstellar space.

Highlighted achievements during FY 2014 are detailed inthe NASA FY 2014 Agency Financial Report.

Next Steps

NASA hasinstituted several processimprovements designed to achieve greaterinsightinto project performance including contractor cost performance.
Specifically, NASA has enhanced project formulation by clarifying expected project maturities, instituting Formulation Agreements, implementing Joint
Confidence Levels, establishing tools to provide schedule health checks, and requiring the use of Earned Value Management, a project management
technique, on projects with alife-cycle cost estimate greaterthan $20 million, including in-house development work.

Additional details on the strategies for this strategicobjective can be found in the NASA 2014 StrategicPlan.

NextSteps in FY 2015

Fund operating heliophysics missionsin accordance with the 2013 Senior Reviewresults.

Prepare forlaunch of the MMS missionin FY 2015.

Continue development of SPP and Solar Orbiter.

Conduct Key Decision Point (KDP)-Cs forthe lonospheric Connection Explorer (ICON) and the Global-scale Observations of the Limb and Disk
(GOLD) mission.

Work with the National Oceanicand AtmosphericAdministration (NOAA)and otheragencies to ensure thatagency responsibilities and activities
related to space weatherare clear, well-coordinated, and synergistic.
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FY 2014 Performance Measures

Strategic Objective 1.4: Understand the Sun and its interactions with Earth and the solar system, including space weather.

Performance Goal 1.4.1:Demonstrate progressin
exploring the physical processes in the space
environmentfrom the Sunto Earthand
throughout the solar system.

Performance Goal 1.4.2: Demonstrate progressin
advancing understanding of the connections that
link the Sun, Earth and planetary space
environments, and the outer reaches of the solar
system.

Performance Goal 1.4.3:Demonstrate progressin
developing the knowledge and capability to detect
and predict extreme conditions inspace to protect
life and society and tosafeguard human and
robotic explorers beyond Earth.

Performance Goal 1.4.4:By December 2017,
launch two missions insupport of Strategic
Objective 1.4.

Annual Performance Indicators

e HE-14-1: Demonstrate planned progressin
exploring the physical processesin the space
environment from the Sunto Earthand
throughout the solar system.

e HE-14-2: Complete missionsuccess criteria for
the Van Allen Probes mission.

e HE-14-4: Demonstrate planned progressin
advancing understanding of the connectionsthat
link the Sun, Earth and planetary space
environments, and the outer reaches of thesolar
system.

e HE-14-7: Demonstrate planned progressin
developing the knowledge and capabilityto
detect and predict extreme conditionsin space
to protect lifeandsociety and tosafeguard
human androbotic explorers beyond Earth.

e HE-14-3: Complete Magnetospheric Multiscale
(MMS) Observatory #4 Environmental Test.

e HE-14-5: Complete Solar Orbiter Collaboration
Heavy lon Sensor (HIS) Instrument Critical Design
Review (CDR).

e HE-14-6: Complete Solar Probe Plus (SPP)
Preliminary Design Review (PDR).

FY 2014 Annual Performance Report and FY 2016 Annual Performance Plan

78




Strategic Goal 1—Strategic Objective 1.4

Part 3—Performance Reporting and Planning

Performance Goal Ratings for Strategic Objective 1.4, FY 2011 through FY 2014
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0 d e of 0 0 0 D14

Demonstrate progressin exploring the physical processesinthe space environment from the Sun to Earth 4
and throughout the solar system. ee e 2e e

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Heliophysics | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Heliophysics Subcommittee of the NASA Advisory Council Science Committee determined in September 2014 that NASA remained ontrackinits
annual performance supporting achievement of this performance goal. Below are some of the achievements contributing to the fiscal year’s progress.

Van Allen Probes Declared a Success

On March 26, 2014, NASA declared the Van Allen Probes mission, designed to explore and unlock the mysteries of Earth’s radiation belts, an official
success. This certification comes less than 19 monthsinto the two-year primary mission of the twin spacecraft. This means the Van Allen Probes mission
has metand surpassed its requirements for scientificinstrument performance, mission operations, and scientific progress needed to achieve mission
success.

Sounding Rocket Observes Coronal Heating

The Sun has fourouterlayers: the photosphere, chromosphere, transition region, and corona. The outermostlayer, the corona, is much hotter thanthe
others, with a temperature of overtwo million degrees Fahrenheit. Scientists find this phenomenon counterintuitive; they expect the layers to become
coolerthe fartherthey are from the surface of the sun. Data from a NASA soundingrocket have provided insightinto the mechanisms that make the
corona so hot.

The data were obtained by NASA’s Extreme Ultraviolet Normal Incidence Spectrograph (EUNIS)-13 sounding rocket, which found the presence of
pervasive faint high-temperature plasma (charged particles) in the corona. Scientists believe this plasmais due to small-scale heating events called
nanoflares. These nanoflares occur within strands that form coronal loops, the building blocks of the corona. Models predicted that heating events occur
on individual strands. Each of these heating events raises the strand plasmato temperatures of more than 18 million degrees. Previously, however,
spacecraft have had difficulty observingthese heating events. Using a very sensitive spectrograph, EUNIS-13 observed that the heating events behaved
exactly as predicted by the nanoflare model, perhaps providing the “smoking gun” that confirms this theory.
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Connections Between Earth’s Lower Atmosphere and Near Space Environment

New data from the Aeronomy of Ice in the Mesosphere (AIM) spacecraft are the first to show the teleconnectionsin Earth’s atmosphere that stretch from
the North Pole tothe South Pole and back again. Through these two-way connections, winter weather at Earth’s surface in one hemisphere mightbe a
harbinger of weatherinthe summer polar mesosphere inthe other hemisphere.

When northern stratosphericwinds slow down, they affect the southern mesosphere, which becomes warmerand drier. There also will be fewer
noctilucent clouds, Earth’s highest clouds. When the northern stratosphericwinds speed up, the southern mesosphere becomes colderand wetter, and
icy noctilucent clouds become more abundant. These complexinteractions between atmosphericwinds and waves produce whatis called the
stratosphericpolarvortex, which leads to cold air outbreaks at the ground level. AIMdata also show that the ripple effect takes about two weeks to affect
the noctilucent clouds. Thisis likely how longit takes for changes to propagate through three layers of atmosphere (troposphere, stratosphere, and
mesosphere) and from pole to pole. Surface temperaturesinthe United States from the Midwest to the Northeast during the bitter cold snapsin winter
2013-2014 and lagged noctilucent cloud frequencies correlate with waveactivity in the stratosphere, the presumedforcing thatled to both phenomena.

Annual Performance Indicator | FY2009 | Fy2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Demonstrate planned progress in exploring the physical processes inthe space 9HE1 10HEO1 HE-11-1 HE-12-1 HE-13-1 HE-14-1
environment from the Sun to Earthand throughout the solar system. Green Green Green Green Green Green

Planned Future Performance

For FY 2015: HE-15-1: Demonstrate planned progress in exploring the physical processesin the s pace environment fromthe Sun to Earth and throughout the solar system.

For FY2016: HE-16-1: Demonstrate planned progress in exploring the physical processesin the space environment fromthe Sunto Earth and throughout the solar system.

Contributing Theme: Heliophysics | Contributing Program: Multiple Programs

Annual Performance Indicator | FY2009 FY 2010 FY 2011 FY 2012 FY2013 | FY2014
No API this | No APl this [ No APIthis | No APIthis | No APIthis |[EEIZHEEy)
For FY 2014: Complete mission successcriteria for the Van Allen Probes mission. . I . I . I . : . :
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green
Planned Future Performance
For FY 2015: No API this fiscal year
For FY2016: No API this fiscal year
Contributing Theme: Heliophysics | Contributing Program: Living with a Star
Performance Goa 0 0 0 014
Demonstrate progressinadvancing understanding of the connections that link the Sun, Earth and 4
planetary space environments, and the outerreaches of the solarsystem. ee ee ee ee
Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Heliophysics | Contributing Program: Multiple Programs
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FY 2014 Performance Results
The Heliophysics Subcommittee of the NASA Advisory Council Science Committee determined in September 2014 that NASA remained ontrackinits
annual performance supporting achievement of this performance goal.

Heliophysics System Observatory Tracks Energy Through Near-Earth Space

NASA scientists used datafromthe Heliophysics System Observatory to track the journey solarenergetic particles take as they explode from the Sunand
hurtle around Earth’s magnetosphere.

Like Earth, the Sun also generates a magneticfield, created by flows of hot plasmathat change shape and intensity much fasterthan Earth’s. Scientists
reconstructed the full three-dimensional magneticfield and total energy emitted from active regionsin the solar photosphere (the visible surface of the
Sun) using surface magneticfield and extreme-ultraviolet measurements from NASA’s Solar Dynamics Observatory (SDO). As the magneticfield is
propelled outward from the Sun, part of it is re-arranged and its energy impulsively accelerates solar energetic particles outward into the solar system.

Scientists thought such impulsive solarenergetic particle acceleration events wereisolated to large events. However, recent Solar TErrestrial RElations
Observatory (STEREQ), Solarand Heliospheric Observatory (SOHO), Hinode, and SDO observations showed that these events happen, atlow levels, nearly
all the time. These events may be brief and relatively localized, but they have a major effect. The injected solar energetic particles permeatethe inner
heliosphere (which falls between Earth and the Sun) and can be furtheraccelerated to extremely high energies by interplanetary shocks ahead of coronal
mass ejections, bubbles of gas and magneticfields that explode from the outeratmosphere of the Sun. The emergent solar magneticfield also can affect
geospace significantly as it passes by Earth. It compresses the magnetosphere, imparting magneticenergy into Earth’s magnetized space environment that
istheninternally transformed to particle heatingand acceleration. NASA’s Two Wide-angle Imaging Neutral-atom Spectrometers (TWINS) mission has
recently revealed that the properties of the solardriverare well imprinted on the heated ionsinthe inner magnetosphere.

IBEX and Voyager Help Paint an Evolving Picture of the Solar System’s Boundaries

The Sunissurrounded by the heliosphere, abubble of charged particles that extends farbeyond the outer planets. The heliosphere is formed as the
constant stream of particles fromthe Sun’s solarwind flows outward in all directions until it slows down to balance the pressure frominterstellar winds.
In 2009, scientists reported that NASA’s Interstellar Boundary Explorer (IBEX), which studies this distant boundary region from Earth’s orbit, had detected
aribbonalongthe heliosphericboundary streaming energetic neutral atoms toward IBEX. Observations from the past five years have allowed scientists to
build a new computer model of the orientation of the interstellar magneticfield draping around the heliosphere. The model shows a magneticfield thatis
nearly perpendicularto the motion of the solar system through the galaxy. This accounted forthe uneven distribution of cosmicrays observed at Earth,
where more cosmicrays arrive fromthe upwind direction. The model also suggests that the boundary that separates solarand interstellar plasmas, known
as the heliopause, is very long, maybe two trillion milesin the downwind direction, and that the direction of the magneticfield beyond this boundary s
quite different when compared to that observed by Voyager 1. NASA’s Voyager 1spacecraft entered this complex boundary region in 2004, where it
collected data until itcrossed into interstellar space in 2012. Though puzzling, these new results also provideimportant clues to the ways in which high-
energy cosmicrays enterthe solar system and reach Earth.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Demonstrate planned progress in advancing understanding ofthe connections that 9HE6 10HEO06 HE-11-4 HE-12-4 HE-13-4 HE-14-4
linkthe Sun, Earth and planetary s pace environments, and the outer reaches ofthe solar system. ‘ Green ‘ Green ‘ Green ‘ Green ‘ Green ‘ Green
Planned Future Performance

For FY 2015: HE-15-2: Demonstrate planned progress in advancing understanding of the connections that link the Sun, Earth and planetary s pace environments, and the outer reaches of
the solarsystem.

For FY2016: HE-16-2: Demonstrate planned progress in advancing understanding of the connections that link the Sun, Earth and planetary s pace environments, and the outer reaches of
the solarsystem.

Contributing Theme: Heliophysics | Contributing Program: Multiple Programs

Perto 3 e DA [ 0 U 014
Demonstrate progressin developingthe knowledge and capability to detect and predict extreme /
conditionsin space to protectlife and society and to safeguard human and roboticexplorers beyond Earth. ee ee ee ee
Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Heliophysics | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Heliophysics Subcommittee of the NASA Advisory Council Science Committee determined in September 2014 that NASAremained ontrackinits
annual performance supporting achievement of this performance goal. Below are some of the achievements contributing to the fiscal year’s progress.

Prolonged Solar Minimum Could Mean Increase in Galactic Cosmic Ray Intensities Near Earth

Sunspotactivity increases and decreases throughout the Sun’s 11-year cycles. The peak of the Sun’s activity, known as solar maximum, is associated with
more extreme solar activity, whilesolar minimum s atime of few sunspots. The last solar minimum, which began around 2008, was especially low, and
protracted, and was followed by the current weak solar maximum. Usinglong term records of sunspot numbers, scientists have developed models to help
them predict solar weather conditionsin future cycles.

Duringthe last solarminimum, spacecraftin NASA’s Heliophysics System Observatory (HSO) observed the solar wind decline in speed, density, and
temperature, and the heliospheric magneticfield weaken. Data also showed that as the heliosphericmagneticfield weakened, galacticcosmicray (high-
energy particles from outside the solar system) intensities increased. In 2009, when the Sun was persistently quiet, galactic cosmicray intensities were
greaterthan everbefore inthe space age. Recently developed models show thatalongdeclining trend may extendinto future solar cycles. Two important
implications are thatthe sunspot numberand level of solaractivity is expected to continue to decline, but galactic cosmicrays could increase significantly,
posingathreatto humanand roboticsystemsin space.
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Magnetosphere Protects Earth from Space Weather Events

Observations have illustrated how the magneticbubble surrounding Earth, the magnetosphere, helps deflect the impact of solar coronal mass ejections.

Coronal mass ejections, bubbles of gas and magneticfields that explode from the outeratmosphere of the Sun, hurl magnetized particles into space.
When coronal mass ejections from the Sunimpact Earth they firstencounter Earth’s magneticfield at the outer boundary of the magnetosphere, known
as the magnetopause. Matterand energy can cross the boundary into the magnetopause through the process of magneticreconnection, where magnetic
field lines disconnect and reconnect, releasing a burst of energy that can heatand accelerate particles.

On January 17, 2013, a coronal mass ejection impacted Earth, causing a modest magneticstorm and enhancing magnetosphericcirculation. Usinga
network of ground-based Global Positioning System (GPS) receivers, researchers saw the cool dense plasmasurrounding Earth in the region known as the
plasmasphere be picked up by this enhanced circulation and swept outward towards the magnetopause. NASA’s three Time History of Events and
Macroscale Interactions during Substorms (THEMIS) spacecraft, which wereabout to cross the magnetopause, were engulfed by this cool, dense plasma.
As each of the spacecraft crossed the magnetopause, they observed the characteristicsignatures of magneticreconnection; however, the reconnection
rate was slowed by the presence of the cool dense plasma. GPS receivers onthe ground observed the plasma, once it was on reconnected magneticfield
lines, jointhe flow away fromthe Sun. These multipoint observationsillustrate how the magnetosphere can self-regulate and confirm results of model
simulations of the role of the plasmasphere in magnetosphericcirculation. These models also are significantly improving scientists’ ability to forecast
space weatherevents.

| FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

Annual Performance Indicator
For FY 2014: Demonstrate planned progress in developingthe knowledge and capability to detect
and predict extreme conditions in space to protect life and sodetyandto safeguard humanand
roboticexplorers beyond Earth.

Planned Future Performance

For FY 2015: HE-15-3: Demonstrate planned progress in developingthe knowledge and ca pability to detect and predict extre me conditions in s pace to protect life and societyand to
safeguardhumanandroboticexplorers beyond Earth.

For FY 2016: HE-16-3: Demonstrate planned progress in developingthe knowledge and capability to detect and predict extreme conditions in s pace to protect life and societyand to
safeguardhumanandroboticexplorers beyond Earth.

Contributing Theme: Heliophysics | Contributing Program: Multiple Programs

9HES8
Green

10HEO8
Green

HE-11-5
Green

HE-12-5
Green

HE-13-5
Green

HE-14-7
Green
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Perrto d e 03 [ 0 0 014
No PG No PG No PG

By December 2017, launch two missionsin support of StrategicObjective 1.4. Fhls Tch|s tch|s "
fiscal fiscal fiscal ee
year year year

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Heliophysics | Contributing Program: Multiple Programs

FY 2014 Performance Results
NASA remains ontrack to achieve this performance goal by making progress toward launching two Heliophysics missions, Magnetospheric Multiscale
(MMS) mission and the lonospheric Connection Explorer (ICON).

In April 2014, engineers at Goddard Space Flight Center began testing all four MMS spacecraftto ensure thatthey will be able to withstand the extreme
vibration and dynamicload they will experience duringlaunch. MMS will study magneticreconnection, the process wherethe Sunand Earth’s magnetic
fields connectand disconnect, explosively releasing energy. MMS currently will be ready forlaunch in early 2015.

ICON is a single spacecraft mission dedicated to understanding neutral-ion couplingin the Earth’s upperatmosphere (thermosphere). It will resolve both
long-standing and newly emerging questions about the mechanisms that control the daily development of plasmain Earth’s space environment. The
project completed bothits System Requirements Review (SRR) and Preliminary Design Review (PDR) in FY 2014. NASA confirmed ICON to proceed intoits
implementation phase in October 2014.

FY 2014
HE-14-3
Green Green

Annual Performance Indicator | FY2009 | Fy2010 | FY2011 | FY2012 | FY2013
‘ 9HE2 ‘ 10HEO2 ‘ HE-11-2 ‘ HE-12-2 ‘ HE-13-3

For FY 2014: Complete Magnetospheric Multiscale (MMS) Observatory #4 Environmental Test. Green Green Green Green

Planned Future Performance

For FY 2015: HE-15-4: Launch the Magnetospheric Multiscale (MMS) mission.

For FY 2016: No API this fiscal year

Contributing Theme: Heliophysics | Contributing Program: Solar Terrestrial Probes

Annual Performance Indicator
For FY 2014: Complete Solar Orbiter Collaboration Heavy lon Sensor (HIS) Instrument Critical
Design Review (CDR).

Planned Future Performance

For FY 2015: HE-15-5: Initiate Solar Orbiter Collaboration launch integration activitiesat Kennedy Space Center.

For FY 2016: No API this fiscal year

Contributing Theme: Heliophysics | Contributing Program: Living with a Star

FY 2009
No API this
fiscal year

FY 2010

No API this
fiscal year

| FY2011 | Fy2012 | Fy2013 FY 2014

No API this | No API this HE-13-6 HE-14-5
fiscal year | fiscal year Green Green
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FY 2011 FY 2012

FY2009 | FY2010 |

Annual Performance Indicator FY 2013 | FY 2014

For FY 2014: Complete Solar Probe Plus (SPP) Preliminary Design Review (PDR). No API this L0HECS No API this No API this No API this HET14°6
fiscal year Green fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: HE-15-6: Complete Solar Probe Plus (SPP) Critical Design Review (CDR).

For FY 2016: HE-16-5: Complete Solar Probe Plus System Integration Review (SIR).

Contributing Theme: Heliophysics | Contributing Program: Living with a Star

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

For FY 2014: Does not trend to FY 2014. No APl this | No API this | No APIthis | NoAPIthis | No APIthis | .
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: HE-15-7: Complete the lonospheric Connection Explorer (ICON) Critical Design Review (CDR).

For FY 2016: HE-16-6: Complete the lonospheric Connection Explorer (ICON) Explorer System Integration Review (SIR).

Contributing Theme: Heliophysics I Contributing Program: Heliophysics Explorer Program

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Does not trend to FY 2014. No APl this | No APl this [ No APl this | No APl this | No API this None

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: HE-16-4: Release the next Heliophysics Explorer Announcement of Opportunity (AO).

Contributing Theme: Heliophysics | Contributing Program: Heliophysics Explorer Program
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Strategic Objective 1.5
Ascertain the content, origin, and evolution of the solar system and the
potential for life elsewhere.

Lead Office Goal Leader
Planetary Science Division, Science Mission Directorate (SMD) Dr. James Green, Director, Planetary Science Division

Contributing Programs
Planetary Science Research Program, Lunar Quest Program, Discovery Program, New Frontiers Program and Mars Exploration Program, Outer Planets

Program, Planetary Technology Program

Budget for Strategic Objective 1.5

Actual Enacted Requested Notional
Budget Authority (in S millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $1,346 --- $1,361 $1,420 $1,458 $1,502 $1,528

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information”sectionin the introduction to Part 3.

Visionfor Successin 10 Years
Furtherunderstanding of the content, origin, and evolution of the solar system, as well as the potential forlife elsewhere.

Update of Progress Toward Strategic Objective
NASA, in consultation with the Office of Management and Budget, has determined that performance toward this strategic objective is making noteworthy
progress.

The NASA 2014 StrategicReview found that:
¢ Noteworthy progressisdemonstrated by performance, cost, and schedule exceeding planned progress, scientificachievements, and clear
strategies beingin place for continued success.
e Appropriate and sufficient strategies are in place to achieve the strategicobjective.
e ThePlanetary Science flight program has demonstrated noteworthy cost and schedule performance (e.g., Lunar Atmosphere and Dust
Environment Explorer (LADEE), Mars Atmosphere and Volatile EvolutioN (MAVEN), and Origins-Spectral Interpretation-Resource Identification-
Security-Regolith Explorer (OSIRIS-REX)).
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Risks and challenges have beenidentified and are being addressed appropriately. Many of the key challenges the Planetary Science Division faces
in carrying outthe 2014 Science Plan are common across all of the Science Mission Directorate (SMD) science divisions, and are well articulatedin

chapter3.3 of the Science Plan.
The division has identified and is taking advantage of arange of opportunities such as using a proven design forthe next Mars roverto reduce

costs andrisks and partnering with other organizations, including the U.S. Geological Survey (USGS) Astrogeology Science Centerin Flagstaff,AZ,
on planetary cartography and mapping products.

FY 2014 achievementsincluded the following:

MAVEN launched on November 18,2013, and arrived at Mars in September 2014.

The Mars Science Laboratory (MSL) completed its mission success criteria.

LADEE launchedin September 2013 and completed its missionin April 2014.

Completed Critical Design Reviews forthe OSIRIS-REx and Interior Exploration using Seismic Investigations, Geodesy and Heat Transport (InSight)
missions.

Highlighted achievements during FY 2014 are detailedinthe NASA FY 2014 Agency Financial Report.

Next Steps

NASA has instituted several processimprovements designed to achieve greaterinsightinto project performance, including contractor cost performance.
Specifically, NASA has enhanced project formulation by clarifying expected project maturities, instituting Formulation Agreements, implementingJoint
Confidence Levels, establishing tools to provide schedule health checks, and requiring the use of Earned Value Management on projects with alifecycle
cost estimate greaterthan $20 million, including in-house development work.

Additional details on the strategies for this strategicobjective can be found in the NASA 2014 Strategic Plan. Additional information on strategies,
challenges, implementation, and program-specificdetail is availablein the NASA 2014 Science Plan.

NextSteps in FY 2015

Execute restructuring of the Planetary Science Research and Analysis program in the Research Opportunities in Space and Earth Sciences (ROSES)-
14 solicitation, aligning research programs to the annual performance indicators.

Strengthen the cross-divisional collaboration between Planetary Science and Astrophysics to conduct an exoplanets research program, focusing
resourceson thisrapidly emergingfield of study.

Review the proposals forthe 2014 Discovery Announcement of Opportunityand make selections. Discovery missions are principal investigator-
led, small-class missions with focused scientificinvestigations.

Continue implementation of the New Frontiers mission, OSIRIS-REx, and the Discovery mission, InSight.

Continue formulation of NASA’s contributions to fly on the European Space Agency’s (ESA’s) JUpiter ICy moons Explorer (JUICE) mission consisting
of one U.S.-led scienceinstrument and hardware fortwo Europeaninstruments: the radar, ultraviolet spectrometer, and the particle environment
package.

The Mars Rover 2020 mission will complete Phase A and begin Phase B (Formulation).
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FY 2014 Performance Measures

Strategic Objective 1.5: Ascertain the content, origin, and evolution of the solar system and the potential for life elsewhere.

Performance Goal 1.5.1:
Demonstrate progressin
advancing the understanding of
how the chemical and physical
processes in the solarsystem
operate, interactand evolve.

Performance Goal 1.5.2:
Demonstrate progressin
exploring and observing the
objectsin the solarsystemto
understand howthey formed
and evolve.

Performance Goal 1.5.3:
Demonstrate progressin
exploring andfinding locations
where life could have existed or
could existtoday.

Performance Goal 1.5.4:
Demonstrate progressin
improving understanding of the
origin and evolution of lifeon
Earth to guide the search for life
elsewhere.

Performance Goal 1.5.5:
Demonstrate progressin
identifying and characterizing
objectsin the solarsystemthat
pose threatsto Earthor offer
resources for human
exploration.

Performance Goal 1.5.6:By
December 2017, launch at least
two missions in support of
StrategicObjective 1.5.

Annual Performance Indicators

e PS-14-1: Demonstrate planned|
progressin advancing the
understanding of how the
chemicaland physical
processes in the solarsystem
operate, interactand evolve.

e PS-14-4: Demonstrate planned
progressin exploring and
observing the objectsinthe
solar systemto understand
how they formed and evolve.

e PS-14-5: Demonstrate planned|
progressin exploring and
finding locations where life
could have existed orcould
exist today.

e PS-14-6: Complete mission
success criteria for Mars
Science Laboratory (MSL).

e PS-14-8: Demonstrate planned
progressin improving
understanding of the origin
and evolution of life on Earth
to guide the searchfor life
elsewhere.

e PS-14-10: Conductresearch
into mitigation strategies
utilizing observed
characteristics and properties
ofthose small bodies thatpose
a threatto terrestrial life.

e PS-14-12: Demonstrate
plannedprogressin identifying
and characterizing objectsin
the solar system that pose
threatsto Earthor offer
resources for human
exploration.

e PS-14-2: Complete the Origins
SpectralInterpretation
Resource Identification
Security-Regolith Explorer
(OSIRIS-REX) Critical Design
Review (CDR).

e PS-14-3: Complete the Interior
Exploration using Seismic
Investigations, Geodesy and
Heat Transport (InSight)
mission (Discovery 12) Critical
Design Review (CDR).

e PS-14-7:Launchthe Mars
Atmosphere and Volatile
EvolutioN (MAVEN) mission.
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Performance Goal Ratings for Strategic Objective 1.5, FY 2011 through FY 2014
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Pastfiscal years do notinclude annual performance indicators that do not trend to the current fiscal year annual performance indicators.
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Performance Goa | 0 0 014

Demonstrate progressinadvancing the understanding of how the chemical and physical processesin the
solarsystem operate, interactand evolve. oo oo o -

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Planetary Science | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Planetary Science Subcommittee of the NASA Advisory Council Science Committee determined in September 2014 that NASA remained ontrackin its
annual performance supporting achievement of this performancegoal.

Mercury Has Shrunk Much More Than Previously Believed

Since itsformation billions of years ago, Mercury has been shrinking asit cools. Unlike Earth, which has numerous tectonicplates, Mercury has a single
rocky crust overa large, hot, fluid metalliccore. Asits crust cools and contracts, it has developed large numbers of geological features, such as lobate
scarps (cliffs) and wrinkle ridges. A detailed global study of images taken by the MESSENGER (MErcury Surface, Space ENvironment, GEochemistry, and
Ranging) spacecraft of more than 5,900 such features shows that Mercury has contracted radially by as much as seven kilometers. Thisis much greater
than previously estimates of 0.8 to 3 kilometers, which werebased onincomplete datafromthe 1970s era Mariner 10 flyby. The new dataare in much
betteragreement with thermalmodels, which are based on the history of heat production and loss and global contraction. They also have important
implications forstudying the planet’s thermal, tectonic, and volcanichistory, and the structure of its unusually large metallic core. Find out more at the
MESSENGER Mission Newsssite.

Evidence That Impacts Melted the Ancient Martian Crust

Scientists first observed flat-floored craters on Mars’ surface inimages taken by Mariner 4 in 1965. The craters’ features were mysterious. Scientists
hypothesized that the craters had a sedimentary origin. However, datafrom the Mars Odyssey orbiter show that these craters (approximately 3,300
identified) contain some of the rockiest materials on the planet, inconsistent with poorly consolidated sedimentary materials. Inarecent study, the
scientists determined that the majority of the rocky crater floors were filled approximately 3.5 billion years ago and are associated with the highest
thermalinertia values and some of the most mafic materials—rock rich with iron and magnesium, such as basalt—identified on the planet. Thermal inertia
describes the geological surface’s resistance to temperature change as heatisadded, providinginformation about the composition and density of the
rock. The scientists concluded that the most likely scenariois volcanicinfilling through fractures created by the impact event. The ancient Martian crust
was likely thin. Animpact could have generated conditions in the mantle that would have allowed for the eruptionof lavadirectly into the crater. The
surface would have melted enough to allow lavato flow to the surface and spread across the crater floor. This process was widespread and responsible
for the eruption of significant volumes of material, inside and likely outside of craters.
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LADEE Maps the Lunar Exosphere

The Lunar Atmosphere and Dust Environment Explorer, or LADEE, mapped the temporal and spatial distribution of the major components of the lunar
exosphere. An exosphereis anatmosphere thatis so thinand tenuous thatits constituent molecules do not collide with each other. This type of thin
atmosphere may be the most common type of atmosphere in the solar system. LADEE’s Neutral Mass Spectrometer mapped helium,neon, and argon,
determiningthat heliumand neon are derived mainly from solarwind, whileargonis largely internally derived. The abundance of argonin the exosphere
increases duringsunrise, as the Moon’s surface cools and argon isreleased through desorption. LADEE’s Ultraviolet Spectrometer mapped sodium and
potassium, as well asidentifying many other minor and trace constituents of the exosphere. The datafrom this mission are helping scientists unravel the
sources and sinks of the various components of the lunarexosphere and will lead them to a better general understanding of how exospheres are created
and evolve.

FY 2009
No API this
fiscal year

FY 2010

No API this
fiscal year

Annual Performance Indicator
For FY 2014: Demonstrate planned progress inadvancing the understanding of howthe chemical
and physical processes in the solar system operate, interactand evolve.

Planned Future Performance

For FY 2015: PS-15-1: Demonstrate planned progressinadvancingthe understanding of how the chemical and physical processes inthe solar system operate, interact, and evolve.
For FY 2016: PS-16-1: Demonstrate planned progressinadvancingthe understanding of how the chemical and physical processesinthe solar system operate, interact, and evolve.
Contributing Theme: PlanetaryScience | Contributing Program: Multiple Programs

FY2011 | FY2012 | FY2013 | FY2014
PS-11-1 PS-12-1 PS-13-1 PS-14-1
Green Green Green Green

Perfto 3 2 ot U U U D14
Demonstrate progressin exploringand observingthe objectsin the solarsystemto understand how they

formedandevolve. ee e ee ee
Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Planetary Science | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Planetary Science Subcommittee of the NASA Advisory Council Science Committee determined in September 2014 that NASA remained on trackin its
annual performance supporting achievement of this performance goal.

Asteroid Belt Reveals a Diverse Early Solar System

A new map of asteroidsinthe mainbelt, whichislocated between Mars and Jupiter, show that the asteroids are not grouped by composition, the result
of an orderly solarsystem evolution. Instead, different types of asteroids were likely mixed together by planetary migration and subsequent dynamical
processes.
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Previous measurements of the asteroidsin the main beltsuggested a uniform, smooth change in composition from more highly reflective, stony asteroids
closerto the Sunto dark, carbon-rich objects that were barely altered by solar heatinginthe belt’s more distant regions. However, datafrom the Wide-
field Infrared Survey Explorer (WISE) and the Sloan Digital Sky Survey have shown that while thereis an overall gradient, the true picture is much more
jumbled, with awide range of different compositions scattered throughout the belt. Asteroids richin minerals that require high temperatures to form
have beenfoundinthe outerbelt, while primitive objects are found close toitsinneredge, revealing that the early migration of the giant planets
turbulently scrambled the asteroids.

Model Explains Enceladus’ Active South Pole Terrain

Saturn’s moon Enceladus has very different hemispheres. Its south polarterrainis young and geologically active, with geysers, tectonicactivity, and high
heatflows, while its northern hemisphere is relatively ancient and stable. In the south polarterrain, jets of salty ice particles and gases spew from the
moon’s distinctive “tigerstripes,” orlong fractures. The tidal heating powering this activity—heat mainly generated by tidal forces arising from the orbital
resonance between Enceladus and another moon, Dione—should be symmetricacross Enceladus’ equator: Heating near the south pole should be
accompanied by heating nearthe north pole. Previous models of heat transportinthe ice shell have been unable to explain the activity limited to the
south pole.

New global, three-dimensional convection models show that the silicate core underlying the ice shell is not spherical. The asymmetry can cause
convection, where warmice and gases push upward until the surface becomeslocally unstable and overturns, sending colderice downward, wherethe
cycle beginsagain. Thisis confined to the south pole. The activity can also occur episodically, explaining how this massive power output could occur, given
the limited overall tidal heating available to Enceladus.

Dwarf Planet Redefines Solar System’s Edge

NASA-supported scientists using ground-based observatories have discovered a dwarf planet thatis believed to have the most distant orbit found beyond
the known edge of the solar system. Until now, Sedna, which was discovered in 2003, was the only other object found beyond the Kuiper Belt edge.

Atits closestorbit pointtothe Sun, the dwarf planet, designated 2012 VP113, is about 80 times the distance of Earth fromthe Sun, a measurement
referredtoas an astronomical unit (AU). Sedna’s closest orbit to the Sunis about 76 AU. In comparison, the gas giants (e.g., Jupiterand Saturn) are found
between 5and 30 AU, and the Kuiper Belt, whichis composed of hundreds of thousands of icy objects, including Pluto, ranges from 30to 50 AU.

Scientists estimate 2012 VP113 to be 450 kilometersin diameter. Itis likely one of hundreds of thousands of distant objects thoughttoinhabitthe region
inthe solarsystemreferredtoasthe innerOort cloud. The similarity inthe orbits found for 2012 VP113, Sedna, and a few other objects nearthe edge of
the Kuiper Belt suggeststhe dwarf planet’s orbit might be influenced by the potential presence of an as yet unseen planet up to 10 times the size of Earth.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Demonstrate planned progress in exploring and observing the objectsinthe solar ‘ 9PS1 ‘ 10PSO1 ‘ PS-11-4 ‘ PS-12-4 ‘ PS-13-3 ‘ PS-14-4

systemto understand howtheyformed and evolve. Green Green Green Green Green Green

Planned Future Performance

For FY 2015: PS-15-2: Demonstrate planned progressin exploringand observing the objects in the solar systemto understand how theyformed and evolve.

For FY 2016: PS-16-2: Demonstrate planned progressin exploringand observing the objects in the solar systemto understand how theyformed and evolve.

Contributing Theme: PlanetaryScience | Contributing Program: Multiple Programs

0 d e 03 0 U U 014

Demonstrate progressin exploring and finding locations wherelife could have existed or could exist today.

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Planetary Science | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Planetary Science Subcommittee of the NASA Advisory Council Science Committee determined in September 2014 that NASA remained ontrackin its
annual performance supporting achievement of this performance goal.

NASA Space Assets Detect Ocean Inside Saturn Moon

NASA’s Cassini spacecraft and Deep Space Network have uncovered evidence that Saturn’s moon Enceladus harbors alarge underground ocean of liquid
water, furthering scientificinterestinthe moon as a potential home to extraterrestrial microbes.

Researcherstheorized the presence of aninteriorreservoir of waterin 2005 when Cassini discovered watervaporand ice spewing from vents nearthe
moon’s south pole. The ocean was discovered usinga conceptcalled the Doppler Effect. As Cassini flies by Enceladus, its velocity is perturbed by variations
inthe moon’s gravity field. The researchers detect the changesin velocity as changesin radio frequency, which are received by the Deep Space Network.
The gravity measurements suggest alarge, possibly regional, ocean about six miles deep, beneath anice shell about 19to 25 milesthick. The new data
provide the first geophysical measurements of the internal structure of Enceladus, consistent with the existence of ahidden oceaninsidethe moon. Data
show that the south polar jets are venting salty waterand organicmolecules, the basicchemical ingredients for life.

ModelShows What Kept Water Liquid on Mars
Liquid wateris essential for known life. Evidence from Mars missions shows liquid water once flowed across its surface several billion years ago. For the

waterto have remained liquid, Mars had to have a thick atmosphere thatincluded greenhouse gases. In anew study, astrobiologists use amodel to show
how these greenhouse gases may have keptthe water flowing. They also provide insightinto the potential habitability of ancient Mars.
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Previous models showed that carbon dioxide was notenough to keep the surface temperature of early Mars above freezing. This modelshows that
carbon dioxide and molecular hydrogen together could have led to a greenhouse effect capable of raising temperatures high enough forliquid water to be
stable 3.8 billion years ago. The presence of molecularhydrogen in Mars’ ancientatmosphere is supported by evidence found in Mars meteorites.

Glycine May Indicate Past Life

A recent study shows how glycine, anamino acid that is one of the basicbuilding blocks of life, might survive on planets and celestial bodies otherthan
Earth. Althoughitis useful forunderstandingthe delivery of compoundsto the early solar system, the data are alsorelevantfor planetary protection and
understanding how different molecules survivein space.

In 2009, NASA researchersreported finding glycine in comet materialreturned to Earth by the Stardust spacecraft. Glycine’s ubiquitous presencein space
means it may have been delivered to early Earth and other planets by comets or interstellar dust. It was likely aningredientin the first microbial cells on
Earth. Additionally, glycineis part of many biomolecules and might survive in the environment after cells die, meaningitalso may be important to the
searchfor signs of past life on other planets.

For the recent study, scientists blasted glycine-containingice and rock mixtures with radiation to see how long glycine survives in different environments
beforeitis destroyed. These mixtures simulated Mars from the surface down to several meters and served both to shield the glycinefrom the direct
effects of the radiation and to lowerthe temperature of the experiments. NASA’s Mars Reconnaissance Orbiter (MRO) detected widespread deposits of
glacial ice in the mid-latitudes of Mars, which may be prime locations to look for glycine. The study shows that glycine’s survival time depends both on the
temperature and relative percentage of ice: The fasterglycine is shielded from sources of radiation, buried under the surface by soil and ice, the more
likelyitistosurvive.

Annual Performance Indicator | FY2009 | FY2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Demonstrate planned progress in exploring and finding locations where life could 9PS8 10PS09 PS-11-8 PS-12-7 PS-13-6 PS-14-5
Green Green Green Green Green Green

have existed or could exist today.
For FY 2015: PS-15-3: Demonstrate planned progressin exploringand finding locations where life could have existed or could exist today.

Planned Future Performance
For FY 2016: PS-16-3: Demonstrate planned progressin exploringand finding locations where life could have existed or could exist today.

Contributing Theme: PlanetaryScience | Contributing Program: Multiple Programs

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Complete mission successcriteria for Mars Science Laboratory (MSL). PS4 10PS06 PSLLD P-12:81 EULEetULl| PS-14:6
Red Yellow Green Green fiscal year Green

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: PlanetaryScience I Contributing Program: Mars Exploration
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Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

For FY 2014: Does not trend to EY 2014. NoAPIthls NoAPIthls NoAPIthls NoAPIthls NoAPIthls None
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: PS-16-10: Complete the Mars Atmosphere and Volatile EvolutioN (MAVEN) mission success criteria.

Contributing Theme: PlanetaryScience | Contributing Program: Mars Exploration

Performance Goal FY 2011 FY 2012 FY 2013 | FY 2014
Demonstrate progressinimproving understanding of the origin and evolution of life on Earth to guide the 2.3.4.1 2.3.4.1
searchfor life elsewhere. Green Green

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Planetary Science | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Planetary Science Subcommittee of the NASA Advisory Council Science Committee determined in September 2014 that NASA remained ontrackin its
annual performance supporting achievement of this performancegoal.

Evidence of Crusty Impacts on Early Earth

Impact events duringthe first billion years of the solar system had long-lasting effects on the crust of early Earth, and evidence of theseancientimpacts
may still exist. The solar system was crowded with debris during the first billion years, and Earth was probably struck frequently. These collisions shaped
the potential forlife on worlds like Earth and Mars, by alteringterrains, changing the composition of the crust, alteringthe atmosphere, and affectingthe
initial thermal conditions of the surface. A new study estimates how heat fromthe frequentimpacts of the Late Heavy Bombardment would have affected
Earth’s surface.

Resultsindicate that melted rocks, poolingin the depressions of the impact craters, covered more than 10 percent of the surface to more thanone
kilometerthick, although only about 1 percent of the total crust downto 20 kilometers was melted atany given time. Also during this period, impact
ejectaandvaporized rock were tossed into airand rained down around the planet. Although much of the evidence of ancientimpacts on Earthiis wiped
away by weatherand geology, this study used zircons, small crystals that act as clocks, measuring time since they werelast heated above a particular
temperature. Because impacts create heat, this study used zircons from rocks in the Jack Hills (formed about 3.9 billion years ago), as models of global
zircons during this time and found that about 40 percent of these clocks had been atleast partially reset. This concentration of impactors suggests that
any organismslivingin Earth’s ocean during the Late Heavy Bombardment would be in significant peril.
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Early Life Had Limited Raw Materials at Its Disposal

The origin of life occurred through natural processes that made use of mineral species available on the early Earth. Astrobiologists have shown that no
more than 420 mineral species were present at or near the surface of Earth inits first 550 million years, the Hadean Eon. This represents only eight
percentof the nearly 5,000 mineral species present today. Since life originated through natural processes that made use of these minerals, astrobiologists
must take these limited inputsinto accountas they create origin of life models.

Minerals on ancient Earth were formed only by cooling molten rock (magma), and the alteration of this rock by hot water. Today, there are many more
processes forforming minerals, many of them directly tied to the biosphere. This research helps narrow down which minerals may be required for life to
originate on otherplanets, such as Mars.

Dining on Methane in the Cold, Dark Sea

Astrobiologists have revealed details about how symbiotic microorganisms “eat” methane hydrate crystals on the ocean floorin cold, high-pressure
ecosystems. Methane hydrates form in low-temperature and high-pressure environments around methaneseeps on the ocean floor. Two microbes (one
bacteriaand one archaea) work togetherand use an enzyme with the rare trace metal tungsten to break down methane hydrates. Thisis the firsttime
that tungsten has beenfoundinenzymesfromsuch acold environment. Usually microbes use a more common metal—molybdenum.

As Earth oceans warm through climate change, massive amounts of methane will be released from methane hydrates, and this study helps scientists
understand how this ecosystem could change and the role these microbes might play in Earth’s future climate. Additionally, this study provides insight
intolife’s potential in subsurface ocean environments on moons like Europa, Enceladus, and Titan.

Annual Performance Indicator | FY2009 | FY2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Demonstrate planned progress inimproving understanding ofthe originand 9PS5 10PS07 PS-11-11 PS-12-11 PS-13-8 PS-14-8
Green Green Green Green Green Green

evolution of life on Earth to guide the searchforlife elsewhere.
For FY 2015: PS-15-4: Demonstrate planned progressinimprovingunderstanding of the origin and evolution of life on Earth to guide the search for life elsewhere.

Planned Future Performance
For FY 2016: PS-16-4: Demonstrate planned progressinimprovingunderstanding of the origin and evolution of life on Earth to guide the search for life elsewhere.

Contributing Theme: PlanetaryScience | Contributing Program: Multiple Programs

0 d e 03 0 0 0 D14

Demonstrate progressinidentifyingand characterizing objectsin the solar system that pose threats to
Earth or offerresourcesforhuman exploration. ce e co 2:

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Planetary Science | Contributing Program: Multiple Programs
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FY 2014 Performance Results
The Planetary Science Subcommittee of the NASA Advisory Council Science Committee determined in September 2014 that NASA remained ontrackin its
annual performance supporting achievement of this performance goal.

NEOWISE Finds Dark Near-Earth Objects

The recently reactivated Wide-field Infrared Survey Explorer (WISE) has been tasked with a new mission to discoverand characterize near-Earth objects
(NEOs). Renamed NEOWISE, the spacecraft scans the dawn and twilight sky ininfrared light (3.4and 4.6 micron wavelength bands), searching forvery
dark NEOs that are often difficult for ground-based visible telescopes to find. Their dark surfacesindicate a primitive composition thatis less likely to have
been altered by the Sun’s heatand are more likely to contain water-rich minerals and ices buried beneath their surfaces. By finding, characterizing, and
trackingthese dark NEOs, NEOWISE is helping to identify objects that may make the best targets for future explorers.

Radarimagery of Near-Earth Asteroid

On April 23, 2014, the NEOWISE spacecraft discovered a near-Earth asteroid designated “2014 HQ124.” Follow-up observations showed that 2014 HQ124
would pass within about 1.3 million kilometers of Earthin June. 2014 HQ124 is classified a “potentially hazardous asteroid,” which refers to asteroids

140 metersorlargerthat pass within 7.4 million kilometers of Earth’s orbit around the Sun. There was no chance of an impact, but it was close enough to
be observed by NASA’s Deep Space Network antenna at Goldstone, California, and the Arecibo Observatory in Puerto Rico. These uniquefacilities
obtained bistaticradarimages of 2014 HQ124 on June 8, the day of its closest approach to Earth. Working together, with Goldstone emittingand Arecibo
receiving, they produced some of the most detailed images ever of a near-Earth asteroid. Radar measurementsindicate 2014 HQ124 is approximately
370 metersalongits longaxis and appears to be a contact binary, where two objects migrate together until they form asingle body. Additionally, large
boulders appearto be on the surface of the body. 2014 HQ124 rotates approximately once every 20 hours.

Spitzer Characterizes an Asteroid for the Asteroid Redirect Mission

Observations takenin February 2014 by NASA’s Spitzer Space Telescope of avery small near-Earth asteroid designated 2011 MD showed the asteroid
could make a good candidate forthe Asteroid Redirect Mission full capture concept. Analysis of Spitzer’sinfrared datashow 2011 MD is roughly six meters
insize. The analysis alsorevealed the asteroid’s density must be remarkably low—about the same as water. Since solid rock is about three times as dense
as water, about two-thirds of the asteroid must be empty space, suggestingit resembles a pile of rocks. The research team collecting the observations
theorizes 2011 MD could be a collection of small rocks, held loosely together by gravity, orit might be one solid rock with a surrounding halo of small
particles. In both cases, the asteroid mass could be captured by the mission’s capture mechanism, and redirected to the Moon.

Near-Earth Object Survey

During FY 2014, asteroid searchteamsfunded by NASA’s Near-Earth Object Observations Program found another 13 asteroids larger than one kilometerin
diameterwith orbitsthat come close to Earth’s vicinity. Asteroid search teams alsofound 1,072 smaller asteroids less than one kilometerin diameter, but
no additional near-Earth comets. This brings the total known population of near-Earth objects to 11,341 (as of September 1, 2014). The high-precision
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orbit predictions computed by NASA’s Jet Propulsion Laboratory show that none of these objectsis likely to strike Earth in the next century. However,
1,495 small bodies (of which 155 are largerthan one kilometerin diameter), with 77found this year, are in orbits that could become a hazard in the more
distant future and warrant continued monitoring.

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 | FY 2014

For FY 2014: Conduct researchinto mitigation strategies utilizingobserved characteristics and No API this | No APl this | No APl this [ No APl this | No API this PS-14-10
properties ofthosesmall bodies that pose a threat to terrestrial life. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green
Planned Future Performance

For FY 2015: PS-15-5: Conductresearch into mitigation strategies utilizing observed characteristics and properties of those small bodiesthat pose a threat to terrestriallife.

For FY 2016: PS-16-5: Conductresearch, involving both U.S. interagencyandinternational cooperation and partnerships, into mitigation techniques and technologies to address the
anticipated threat of small bodyimpacts to life on Earth.

Contributing Theme: PlanetaryScience | Contributing Program: Multiple Programs

Annual Performance Indicator | Fy2009 | Fvy2010 | Fy2011 | FY2012 | FY2013 | Fy2014
For FY 2014: Demonstrate planned progress inidentifying and characterizing objects in the solar No APl this | No APl this | No APl this | No API this [ No API this PS-14-12
systemthat pose threats to Earth or offer resources for human exploration. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance
For FY 2015: PS-15-9: Demonstrate planned progressinidentifying and characterizingobjects inthe solar system that pose threats to Earth or offer resourcesfor human exploration.

For FY 2016: PS-16-9: Demonstrate planned progressinidentifying and characterizingobjects inthe solar system that pose threats to Earth or offer resourcesfor human exploration.
Contributing Theme: PlanetaryScience | Contributing Program: Multiple Programs

Perfto 3 2 o [ 0 U 014

No PG No PG No PG
- . . - this this this 6
By December 2017, launch at least two missionsin support of Strategic Objective 1.5. . . .
fiscal fiscal fiscal ee
year year year
Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Planetary Science | Contributing Program: Multiple Programs

FY 2014 Performance Results

NASA launched the first mission supporting this performance goal, the Mars Atmosphere and Volatile EvolutioN (MAVEN) spacecraft, in November 2013.
MAVEN entered orbitaround Mars on September21, 2014, and began testingitsinstruments. The mission will explore Mars’ upper atmosphere,
ionosphere, andinteractions with the Sun and solarwind. Scientists will use the datato determine the role thatloss of volatiles (substances that
evaporate quickly) fromthe Mars atmosphere to space has played through time, givinginsightinto the history of Mars’ atmosphere and climate, liquid
water, and planetary habitability.
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In April 2014, NASA completed the Critical Design Review (CDR) for the Origins Spectral Interpretation Resource Identification Security—Regolith Explorer
(OSIRIS-REXx), giving the mission the go ahead to begin final design and fabrication. OSIRIS-REx will return asample from near-Earth asteroid Bennu. The
sample will provide insightinto the composition of the very early solar system, the source of organic materials and water that made life possible on Earth,
and to better predict the orbits of asteroids that represent collision threats to Earth.

NASA also made progress on another mission supporting Strategic Objective 1.5, the Interior Exploration using Seismic Investigations, Geodesy and Heat
Transport (InSight), by completingthe CDRin May 2014. InSightis a geophysical landerthat will use asuite of instruments to delve deep beneath the
surface of Mars. It will study the processesthat shapedthe rocky planets of the innersolarsystem, including Earth, more than four billion years ago.

Annual Performance Indicator

| FY2009 | FY2010 | FY2011 | Fy2012 | FY2013 | FY2014
For FY 2014: Complete the Origins Spectral Interpretation Resource ldentification Security—
Regolith Explorer (OSIRIS-REX) Critical Design Review (CDR).

No API this 10PS04 PS-11-3 PS-12-2 PS-13-5 PS-14-2
fiscal year Green ‘ Green ‘ Green ‘ Green
Planned Future Performance
For FY 2015: PS-15-6: Complete the Origins Spectral Interpretation Resource | dentification Security - Regolith Explorer (OSIRIS-REx) Systems Integration Review (SIR).

For FY 2016: PS-16-6: Complete the Origins Spectral Interpretation Resource |dentification Security - Regolith Explorer (OSIRIS-REx) Pre-Ship Review (PSR).
Contributing Theme: PlanetaryScience I Contributing Program: New Frontiers

Annual Performance Indicator
For FY 2014: Complete the Interior Exploration using Seismic Investigations, Geodesy and Heat
Trans port (InSight) mission (Discovery 12) Critical Design Review (CDR).

Planned Future Performance

For FY 2015: PS-15-7: Complete the Interior Exploration using Seismic Investigations, Geodesy and Heat Transport (InSight) Systems Integration Review (SIR).
For FY 2016: PS-16-7:Launch the Interior Exploration usingSeismic Investigations, Geodesyand Heat Transport (InSight) mission.

Contributing Theme: PlanetaryScience | Contributing Program: Discovery

FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

No APl this | No APl this [ No APl this PS-12-3 PS-13-2 PS-14-3
fiscal year | fiscal year | fiscal year Green Green Green

Annual Performance Indicator

| FY2009 | Fy2010 | FYy2011 | Fy2012 | FY2013 | FY2014
No API this 10PS08 PS-11-10 PS-12-9 PS-13-7 PS-14-7
fiscal year Green Green Green Green Green

For FY 2014: Launch the Mars Atmosphere and Volatile EvolutioN Mission (MAVEN) mission.

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: PlanetaryScience | Contributing Program: Mars Exploration
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Does not trend to FY 2014. No APl this | No APl this [ No APl this | No APl this | No API this None

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: PS-15-8: Complete the Mars 2020 Preliminary Design Review (PDR).

For FY 2016: PS-16-8: Complete Mars 2020 Mission Confirmation Review.

Contributing Theme: PlanetaryScience | Contributing Program: Mars Exploration

Annual Performance Indicator | FY2009 | FYy2010 | FY2011 | FY2012 | FY2013 | FY2014

For FY 2014: Does nottrend to FY 2014. No APIthis | No API this | No API this | No API this | NoAPIthis |
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: PS-16-11: Complete down-select for Discovery 13 mission.

Contributing Theme: PlanetaryScience | Contributing Program: Discovery
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Strategic Objective 1.6
Discover how the universe works, explore how it began and evolved, and
search for life on planets around other stars.

Lead Office Goal Leader
Astrophysics Division, Science Mission Directorate (SMD) Dr. Paul Hertz, Director, Astrophysics Division

Contributing Programs

Astrophysics Research Program, Cosmic Origins Program, Physics of the Cosmos Program, Exoplanet Exploration Program, Astrophysics Explorer Program,
James Webb Space Telescope (Webb)

Budget for Strategic Objective 1.6

Actual Enacted Requested Notional
Budget Authority (in$ millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $1,337 $1,329 $1,296 $1,304 $1,310 $1,336

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information” sectionin the introduction to Part 3.

Vision for Successin 10 Years
Furtherunderstanding of the universe and how it works, its history, as well as the continued search for life beyondthe solar system.

Update of Progress Toward Strategic Objective
The NASA 2014 StrategicReview found that:
e Appropriate and sufficient strategies are in place to achieve the strategic objective, including the agency priority goal.
e The Astrophysicsflight program has demonstrated satisfactory cost and schedule performance.
e Risksand challenges have beenidentified and are beingaddressed appropriately. Many of the key challenges the Astrophysics Division facesin
carrying out the 2014 Science Plan are common across all of the SMD science divisions, and are well articulated in Chapter 3.3 of the Science Plan.
e Thedevelopmentof Webbiscomplex and continues torequire close oversight by NASA Headquarters.
e Thedivisionhasidentified andis taking advantage of arange of opportunities.
e A numberof particularly noteworthy scientificdiscoveries wereannounced in FY 2013.
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FY 2014 achievementsincludethe following:

Webb continued to make good progress towards meetingits planned launch date of October 2018.

In February 2014, the Keplerteam announced the confirmation of more than 700 new exoplanets, at once tripling the number of confirmed
planets discovered by the mission and increasing the number of known exoplanets to nearly 1,700.

The Stratospheric Observatory for Infrared Astronomy (SOFIA) achieved Full Operational Capability (FOC)in February 2014.

The Neutron star Interior Composition ExploreR (NICER) was confirmed in February 2014.

NASA delivered the Astro-H Soft X-ray Spectrometer (SXS) calorimeter spectrometerinsert to the Japan Aerospace Exploration Agency (JAXA) in
March 2014.

Highlighted achievements during FY 2014 are detailedinthe NASA FY 2014 Agency Financial Report.

Next Steps

NASA hasinstituted several process improvements designed to achieve greaterinsightinto project performance, including contractor cost performance.
Specifically, NASA has enhanced project formulation by clarifying expected project maturities, instituting Formulation Agreements, implementing Joint
Confidence Levels, establishing tools to provide schedule health checks, and requiring the use of Earned Value Management on projects with alifecycle
cost estimate greaterthan $20 million, including in-house development work.

Additional details on the strategies for this strategicobjective can be found in the NASA 2014 Strategic Plan. Additional information on strategies,
challenges, implementation, and program-specificdetail is availablein the NASA 2014 Science Plan, as well as the 2013 Astrophysics Roadmap.

NextSteps in FY 2015

Participate inthe European Space Agency’s mission concept study fortheir second large mission in the CosmicVision Programme, with the intent
to establish apartnership onthe mission.

Planfor the Explorers Announcement of Opportunity. Astrophysics Explorers are principal investigator-led small- and medium-class missions with
focusedscientificinvestigations.

Strengthen the cross-divisional collaboration between Astrophysics and Planetary Science to conduct an exoplanets research program, focusing
resources on thisrapidly emergingfield of study.

Complete the Critical Design Review (CDR) for the NICER mission.

Deliverthe Soft X-ray Spectrometer, NASA’s contribution to the Astro-H mission, to JAXA.

Complete Key Decision Point (KDP)-Dforthe International Space Station instrument Cosmic Ray Energetics and Mass, or ISS-CREAM.
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FY 2014 Performance Measures

Strategic Objective 1.6: Discover how the universe works, explore how it began and evolved, and search for life on planets around other stars.

Performance Goal 1.6.1:Launch the
James Webb Space Telescope. (Agency
Priority Goal)

Performance Goal 1.6.2: Demonstrate
progressin probing the origin and
destiny of the universe, including the
nature of black holes, dark energy, dark
matter,andgravity.

Performance Goal 1.6.3:Demonstrate
progressin exploring the origin and
evolution of the galaxies, stars,and
planetsthat make up the universe.

Performance Goal 1.6.4:Demonstrate
progressin discovering and studying
planetsaround other stars and
exploring whether they could harbor
life.

Performance Goal 1.6.5: By December
2018, launch at least one missionin
support of Strategic Objective 1.6.

Annual Performance Indicators

e JWST-14-1: Complete Webb
Spacecraft Critical Design Review
(CDR).

e AS-14-1: Demonstrate planned
progressin probing the origin and
destiny of the universe, including the
nature of black holes, dark energy,
dark matter,and gravity.

e AS-14-2: Complete NUSTAR mission
successcriteria.

e AS-14-3: Demonstrate planned
progressin exploring the origin and
evolution of the galaxies, stars,and
planets that make up the universe.

e AS-14-5: ConductStratospheric
Observatory for Infrared Astronomy
(SOFIA) scienceflights to provide a
minimum of 260 research hours.

e AS-14-6: Demonstrate planned

progressin discovering and studying
planetsaround other stars and
exploring whether they could harbor
life.

e AS-14-7:Complete the Transiting
Exoplanet Survey Satellite (TESS)
System Requirements Review (SRR).
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Performance Goal Ratings for Strategic Objective 1.6, FY 2011 through FY 2014 Annual Performance Indicator Ratings for Strategic Objective 1.6, FY 2009
through FY 2014

100% 100%

1
80% 80%
60% 60%
40% 40%
20% 20%

0% T 0% T T T T T
2011 2012 2013 2014 2009 2010 2011 2012 2013 2014
1.6 1.6

Pastfiscal years do notinclude performance measures that do not trend to the current fiscal yearannual performance indicators.
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0 d e of 0 0 0 D14

Launch the James Webb Space Telescope. (Agency Priority Goal) 2.4.2.2

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

For FY 2016: Launch the James Webb Space Telescope.

Contributing Theme:James Webb Space Telescope | Contributing Program: James Webb Space Telescope

FY 2014 Performance Results

The James Webb Space Telescope (Webb) is ontrack for launch by October 2018. NASA completed the Webb spacecraft Critical Design Reviewin January
2014, givingthe program permission to begin final design and fabrication work on the spacecraft. The spacecraft will contain most of the steeringand
control machineryforthe telescope.

The Webb Program also completed the staticload testing of the primary mirror backplane support structure. This platform will hold the telescope’s
science instruments and 18 mirror segments that form the primary telescope mirror. The testing demonstrated that the backplane structure will be able
to withstand the vibrations of launch and is the final test priorto its integration with the rest of the telescope. In addition, the program completed the
second cryovacuum test of all the flightinstruments with no significantissues arising during the testing.

The Webb Program has 11 of the originally baselined 13 months of funded schedulereserve toits October 2018 launch date. The Mid-InfraRed Instrument
(MIRI) cryocoolersystemis the critical path, or pacingitem, forthe Webb schedule. Inresponse to poor cost and schedule performance issues on the
cryocoolersystem, NASA, the Jet Propulsion Laboratory (JPL), and Northrop-Grumman Aerospace Systems (NGAS) recently have made significant
management changes and applied additional personnel from both NGAS and JPL, resultinginimproved schedule performance thus far. The flight spare
cryocoolercold head assembly and flight cryocooler electronics were delivered to JPL, and, more recently, in early FY 2015, the flight cold head assembly
was delivered to Goddard Space Flight Centerin time for Integrated Science Instrument Module cryotesting. The remaining cryocooler component (the
compressorassembly)isscheduled fordelivery in late spring 2015. Cryocoolerdesigns have been verified to meet requirements, with only manufacturing
and testingwork remaining.

(The critical path of a missionisa dynamicquantity that changes with time depending on the challengesfaced in designing, assembling, and testing the
hardware and software.)

More detailed information on this agency priority goal isincluded in Part 2 of this document.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Complete Webb Spacecraft Critical Design Review (CDR). 9ASE ‘ 104506 ‘ it JWVS:;_]g_l ‘ JWSTEISL ‘ JWSTELAL

Green

Green Green Green Green

Planned Future Performance

For FY 2015: JWST-15-1: Deliver James Webb Space Telescope flight backplane to Goddard Space Flight Center.

For FY 2016: JWST-16-1: Deliver James Webb Space Telescope integrated optical telescope and science instrument module to Goddard Space Flight Center for testing.
Contributing Theme: James Webb Space Telescope | Contributing Program: James Webb Space Telescope

0 3 e of 0 0 0 014
Demonstrate progressin probingthe origin and destiny of the universe, including the nature of black holes, 4 / 4 6
dark energy, dark matter, and gravity. ee e ee ee
Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Astrophysics | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Astrophysics Subcommittee of the NASA Advisory Council Science Committee determined in August 2014 that NASA remained ontrackin its annual
performance towards the achievement of this performance goal. Below are examples of the scientific progress reported in FY 2014.

Hubble Uncovers Largest Known Group of Star Clusters, Clues to Dark Matter

NASA’s Hubble Space Telescope has uncovered the largest known population of globular star clusters, an estimated 160,000, swarming like bees inside the
crowded core of the giant grouping of galaxies known as Abell 1689. The globularstar cluster populationin Abell 1689is roughly twice as large as any
otherpopulationfoundin previous globular cluster surveys. The Hubble study shows that most of the globular clustersin Abell 1689 formed nearthe
center of the galaxy grouping, which contains adeep well of dark matter, the invisible gravitational scaffolding on which galaxies are built. The farther
away fromthe galaxy core Hubble looked, the fewer globular clustersit detected. This observation corresponded with acomparable drop in the amount
of dark matter, based on previous research.

Chandra and XMM-Newton Directly Measure Distant Black Hole’s Spin

Astronomers have used NASA’s Chandra X-ray Observatory and the European Space Agency’s X-ray Multi-Mirror Mission (XMM-Newton) to show thata
supermassive black hole six billion light-years from Earth is spinning extremely rapidly. This first direct measurement of the spin of such a distant black
hole isan importantadvance forunderstanding how black holes grow over time. Astronomers determined the spin of the supermassive black holethatis
pullinginsurrounding gas, producing an extremely luminous quasar known as RXJ1131-1231 (orRX J1131 for short). The astronomers used gravitational
lensing, wherethe gravitational field of agiant elliptical galaxy along the line of sight to the quasaracts as a lens that magnifies the light from the quasar,
to getdetailed information about the black hole’s X-ray spectrum. The X-rays are produced when aswirling accretion disk of gas and dust that surrounds
the black hole creates a multimillion-degreecloud, or corona, nearthe black hole. X-rays from this coronareflect off the inneredge of the accretion disk.

FY 2014 Annual Performance Report and FY 2016 Annual Performance Plan 107


http://science.nasa.gov/science-committee/
http://www.nasa.gov/press/2013/september/hubble-uncovers-largest-known-group-of-star-clusters-clues-to-dark-matter/
http://www.nasa.gov/mission_pages/chandra/main/
http://sci.esa.int/xmm-newton/
http://www.nasa.gov/press/2014/march/chandra-and-xmm-newton-provide-direct-measurement-of-distant-black-holes-spin/

Strategic Goal 1—Strategic Objective 1.6 Part 3—Performance Reporting and Planning

The discovery that the black hole in RXJ1131 is spinningat over half the speed of light suggests this black hole, observed at a distance of 6 billion light-
years, correspondingto an age approximately 7.7 billion years afterthe Big Bang, has grown via mergers, ratherthan pulling material in from different
directions.

RXTE Reveals the Cloudy Cores of Active Galaxies

Using data from NASA’s Rossi X-ray Timing Explorer (RXTE), aninternational team has uncovered adozen instanceswhere X-ray signals from active
galaxies dimmed as a result of a cloud of gas moving across the line of sight from Earth. The new study triples the number of cloud events previously
identified in the 16-yeararchive.

At the heart of most big galaxies, including the Milky Way, lurks a supermassive black hole weighing millions to billions of times the Sun’s mass. As gas falls
toward a black hole, it gathersinto an accretion disk and becomes compressed and heated, ultimately emitting X-rays. The centers of some galaxies
produce unusually powerful emissions that exceed the Sun’s energy output by billions of times. These are active galacticnuclei. This study is the first
statistical survey of the environments around supermassive black holes and is the longest-running monitoring study of active galacticnuclei yet performed
in X-rays.

Annual Performance Indicator | Fy2009 | Fvy2010 | Fvy2011 | FY2012 | FY2013 | FY2014
For FY 2014: Demonstrate planned progress in probing the origin and destiny of the universe, 9AS1 10AS01 AS-11-1 AS-12-1 AS-13-1 AS-14-1
includingthe nature ofblack holes, dark energy, dark matter, and gravity. Green Green Green Green Green Green

Planned Future Performance

For FY 2015: AS-15-1: Demonstrate planned progress in probing the origin and destiny of the universe, including the nature of black holes, darkenergy, dark matter, and gravity.

For FY 2016: AS-16-1: Demonstrate planned progressin probing the origin and destiny of the universe, including the nature of black holes, darkenergy, dark matter, and gravity.

Contributing Theme: Astrophysics | Contributing Program: Multiple Programs

Annual Performance Indicator | FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 | FY 2014

. L No API this | No APl this | No APl this | No APl this | No API this AS-14-2
For FY 2014: Complete NuSTAR mission success criteria. . . . . .

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance
For FY 2015: No API this fiscal year
For FY 2016: No API this fiscal year
Contributing Theme: Astrophysics | Contributing Program: Astrophysics Explorer
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Performance Goa 0 0 0 014

Demonstrate progressin exploring the origin and evolution of the galaxies, stars, and planets that make up 4 / 4 6
the universe. ce e e oz

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Astrophysics | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Astrophysics Subcommittee of the NASA Advisory Council Science Committee determined in August 2014 that NASA remained ontrackin its annual
performance towards the achievement of this performance goal. Below are examples of the scientific progress reported in FY 2014.

Great Observatories Discover Ultra-Bright Young Galaxies

NASA’s Hubble and Spitzer Space Telescopes joined forces to discoverand characterize four unusually bright galaxies as they appeared more than

13 billionyears ago, just 500 million years afterthe Big Bang. Although Hubble had previously identified galaxies at this early epoch, astronomers were
surprisedtofind objects thatare about 10 to 20 times more luminous than anything seen previously. The tiny galaxies are bursting with star formation
activity, which accounts fortheirbrilliance. The brightest one is forming stars approximately 50times faster than the Milky Way does today. Although
these fledgling galaxies are only one-twentieth the size of the Milky Way, they probably contain around a billion stars crammed together.

Hubble Helps Solve Mystery of Ultra-Compact, Burned-Out Galaxies

Astronomers using NASA’s Hubble and Spitzer Space Telescopes and the European Space Agency’s Herschel Space Observatory have pieced togetherthe
evolutionary sequence forcompact elliptical galaxies that erupted and burned out early in the history of the universe. It provides a clear picture of the
formation of the most massive galaxiesin the universe, fromtheirinitial burst of star formation through their development of dense stellar cores to their
ultimate reality as giant ellipticals. Using Hubble data, astronomers concluded that compact elliptical galaxies formed inintense starbursts inside the
galaxies that preceded them by aslongas two billion years. They also determined that these compact ellipticals voraciously consumed the gas available
for star formation, tothe pointthatthey were unable to create new stars, and then merged with smaller galaxies to form giant ellipticals. The starsin the
burned-out galaxies were packed 10-100 times more densely thanin equally massive elliptical galaxies seen in the nearby universe today. Next, the team
used the three space telescopes to study dust-enshrouded galaxies that were present early in the universe. They found thatthe violent starburstsin the
dusty galaxies had the same characteristics that would have been predicted for progenitors to the compact elliptical galaxies.

NuSTAR Untangles Mystery of How Stars Explode

One of the biggest mysteries in astronomy, how stars blow up in supernova explosions, finally is being unraveled with the help of NASA’s Nuclear
SpectroscopicTelescope Array (NuSTAR). The high-energy X-ray observatory has created the first map of radioactive material in asupernovaremnant. The
results, froma remnant named Cassiopeia A (Cas A), reveal how shock waves likely rip apart massive dying stars. Cas A was created when a massive star
blew up as a supernova, leavingadense stellar corpse and its ejected remains. While small stars like the Sun die less violent deaths, stars at least eight
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times as massive asthe Sun blow upin supernovaexplosions. The high temperatures and particles created in the blast fuse light elements togetherto
create heavierelements. In this case, the elementis titanium-44, which has an unstable nucleus produced at the heart of the exploding star. Radioactive
material like titanium glows clearly in X-rays. This allows NuSTAR to map what is happening at the core of the explosion.

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Demonstrate planned progress in exploring the origin and evolution of the galaxies, 9AS6 10AS09 AS-11-3 AS-12-3 AS-13-3 AS-14-3
stars, and planets that make up the universe. ‘ Green ‘ Green ‘ Green ‘ Green ‘ Green ‘ Green

Planned Future Performance

For FY 2015: AS-15-2: Demonstrate planned progress in exploring the origin and evolution of the galaxies, stars, and planets that make up the universe.

For FY 2016: AS-16-2: Demonstrate planned progress in exploring the originand evolution of the galaxies, stars, and planets that make up the universe.

Contributing Theme: Astrophysics | Contributing Program: Multiple Programs

Annual Performance Indicator
For FY 2014: Conduct Stratospheric Observatoryfor Infrared Astronomy (SOFIA) science flights to
provide a minimum of 260 research hours.

Planned Future Performance

For FY 2015: AS-15-3: Complete commissioning flights for the Stratospheric Observatory for Infrared Astronomy (SOFIA) Echelon-Cross-Echelle Spectrograph (EXES) science i nstrument.
For FY 2016: AS-16-3: Complete commissioning flights for Stratospheric Observatory for Infrared Astronomy (SOFIA) second-generation instrument s uite.

Contributing Theme: Astrophysics | Contributing Program: CosmicOrigins

| FY2009 FY2010 | Fy2011 | FYy2012 | Fy2013 FY 2014
10AS07 ‘ As-11-4 ‘ As-12-4 ‘ AS-13-4 AS-14-5

Yellow Green Green Green Yellow

Explanation of Rating

In February 2014, the Stratospheric Observatory for Infrared Astronomy (SOFIA), a 2.7-metertelescope mounted onboard a Boeing 747SP, reached full
operational capability. The SOFIA platform experienced technical problemsin November 2013, leading to the cancellation of six science flights. Although
systemreliability from that point onward was excellent, and NASA added four science flights in June 2014, these were notenough to overcome the loss of
flightsin November. SOFIA flew 258 research hours during FY 2014, missingthe target for this annual performance indicator by only two research hours.
As aresult, NASA rated AS-14-5yellow. This shortfall did not affect NASA’s overall progress towards achieving Performance Goal 1.6.3.

In July 2014, NASA delivered SOFIA to the Lufthansa Technik facility in Hamburg, Germany, for performance of a scheduled Heavy Maintenance Visit.
SOFIAreceived upgrades that brought the aircraft and telescope assembly maintenance up-to-date.

Perrto 3 e God 0 0 0 014
Demonstrate progressin discoveringand studying planets around other stars and exploring whether they 4 / 4 6.4
could harbor life. ee ee ee ee
Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Astrophysics | Contributing Program: Multiple Programs
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FY 2014 Performance Results
The Astrophysics Subcommittee of the NASA Advisory Council Science Committee determined in August 2014 that NASA remained on trackin its annual
performance towards the achievement of this performance goal. Below are examples of the scientific progress reported in FY 2014.

Kepler Provides Insights Into Wide Range of Enigmatic Planets

The Keplerspacecraft’s haul of exoplanets continues to grow, revealing notjustan abundance of planets, butalso asurprising range of properties and
architectures. Scientists studying the atmospheres and interiors of some of these worlds have found the signatures of waterand the prevalence of clouds
and hazes. Discoveries of small, rocky planetsin arange of environments, including those that may allow for the presence of liquid water, increasingly
indicate that Earthlike planets are likely ubiquitous.

In November 2013, duringthe second Kepler Science Conference, the Keplerteam announced the discovery of over 800 new planet candidates, bringing
the total number of new worlds discovered by Keplerto 3,538. Thisis an increase of nearly 30 percentsince the last update, with the largestincrease of
80 percent coming from small Earth-sized planets. Amongthese discoveries, scientists identified anumber of unusual and unexpected systems. Using data
fromthe W. M. Keck observatory in Hawaii, scientists measured the mass of two of these worlds: Kepler-99b and Kepler-406b. They are somewhat larger
than the Earth, but have densities similarto lead. Similar observations have revealed anew type of rocky planet called a “Mega-Earth”: Kepler-10chas a
radius roughly twice the mass of Earth, but with a mass nearly 20 times greater. At the opposite extremeis KOI-314c. It has a mass similarto that of Earth,
but has a radius that is 60 percentlarger, implyingit has a gaseous atmosphere much thickerthan Earth’s.

Looking for Water on Rocky and Jupiter-Like Planets

Detailed studies using the Spitzerand Hubble Space Telescopes are revealing new insights into the ubiquity of waterand the presence of clouds onawide
range of worlds. Using a forensicanalysis of the remains of arocky world that crashed into its white dwarf host star, scientists measured the detailed
composition of the world, finding evidence that it was very water-rich. On the other hand, measurements of the waterabundance of three “hot Jupiters”
indicate asurprisingly low level of water, less than atenth to one-thousandth of that predicted by theory. Maps of Kepler-7b made using Spitzerand
Hubble reveal high but patchy clouds in this hot, exoticJupiter-sized world. Hubble observations of two smaller planets, GJ346b and GJ1214b, indicate
both to be completely enshrouded in thick clouds.

Searching for Earthlike Planets

Using both Keplerand NASA-funded ground-based surveys, astronomers continued to make progress toward the discovery of Earthlike planets. In

July 2014, scientistsannounced the discovery of an Earthlike planet orbiting one of the starsin a tight binary star system ata distance similartowhich
Earth orbits the Sun. Because the host star is much dimmerthan the Sun, the planetis much colder. This study provides the first evidence that rocky
planets canform in orbits similarto Earth’s, evenina binary star system where the stars are notvery far apart. In April 2014, scientists announced the
discovery of Kepler-186f, the first Earth-size planet orbitingastar inthe “habitable zone,” the range of distance from a star where liquid water might exist
on the surface. The discovery of Kepler-186f confirms that Earth-size planets existin the habitable zone of otherstars. The parent star of Kepler-186fisa
red dwarf, a class of starsthat are much more numerous than stars like the Sun, making up 70 percent of the starsin the Milky Way galaxy.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Demonstrate planned progress in discovering and studyingplanets around other stars 9AS7 10AS10 AS-11-5 AS-12-5 AS-13-5 AS-14-6
Green Green Green Green Green Green

and exploring whether they could harbor life.

Planned Future Performance

For FY 2015: AS-15-5: Demonstrate planned progress in discovering and studying planets around other stars and exploring whether they could harbor life.
For FY 2016: AS-16-5: Demonstrate planned progress in discovering and studying planets around other stars and exploring whether they could harbor life.

Contributing Theme: Astrophysics | Contributing Program: Multiple Programs

Performance Gog 0 0 0 014
No PG No PG No PG

Lo . - this this this 6

By December 2018, launch at least one missionin support of Strategic Objective 1.6. . . .
fiscal fiscal fiscal ee
year year year

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Astrophysics | Contributing Program: Multiple Programs

FY 2014 Performance Results
NASA has begun work on a new mission to support StrategicObjective 1.6. The Transiting Exoplanet Survey Satellite (TESS) willuse an array of telescopes

to performthe first-everspaceborneall-sky transit survey. TESS will look for exoplanets ranging from Earth-sized to gas giantsin orbitaround the nearest
and brightest starsinthe sky. The goal is to identify terrestrial planetsin the habitablezones of nearby stars. TESS will monitorthe brightness of halfa
million stars, looking for momentary changesin brightness caused when aplanet passes, ortransits, in front of the star as viewed from Earth. In February
2014, NASA completed the TESS System Requirements Review, which examined the mission’s functional and performance requirementsand determined
that the requirements and the selected concept will satisfy the mission’s needs. NASAis on track to launch TESS in late 2017.

Annual Performance Indicator | Fy2009 | Fvy2010 | Fy2011 | FY2012 | FY2013 | Fy2014
For FY 2014: Complete the Transiting Exoplanet Survey Satellite (TESS) System Require ments No APl this | No APl this | No APl this | No API this [ No API this AS-14-7
Review (SRR). fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: AS-15-4: Complete the Transiting Exoplanet Survey Satellite (TESS) Mission Confirmation Review.

For FY 2016: AS-16-4: Complete the Transiting Exoplanet Survey Satellite (TESS) instrumentintegration and test (1&T).

Contributing Theme: Astrophysics | Contributing Program: Exoplanet Exploration
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Strategic Objective 1.7
Transform NASA missions and advance the Nation’s capabilities by maturing
crosscutting and innovative space technologies.

Lead Office Goal Leader
Space Technology Mission Directorate (STMD) Dorothy Rasco, Deputy Associate Administrator for Management, STMD

Contributing Programs

FY 2014: Crosscutting Space Technology Development (CSTD), Exploration Technology Development (ETD), Small Business Innovation Research / Small
Business Technology Transfer (SBIR/STTR)

FY 2015 and 2016: Space Technology Research and Development (STRD), Small Business Innovation Research / Small Business Technology Transfer
(SBIR/STTR)

Budget for Strategic Objective 1.7

Actual Enacted Requested Notional
Budget Authority (in$ millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $545 --- $692 $703 $714 $725 $736

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information”sectionin the introductionto Part 3.

Visionfor Successin 10 Years

Overthe next 10 years—through STMD’s crosscutting capability-based approach—the Agency’s technology development accomplishments will have the
followingimpacts: Reducedrisk, reduced cost and increased capability for NASA human and robotic missions and the Nation; technology innovations and
growth of the innovation community; and growth of the commercial space technology enterprise and the emergence of new markets. Efforts overthe
next 10 yearsinclude, butare notlimited to, the following: high-data-rate communications for near-Earth and deep-space missions; green propellant;
advanced in-space propulsion forboth exploration and science missions; improved reliability and increased recyclingin life support systems; advanced
deep space navigation; and entry, descent, and landing technologies for planetary exploration.

Update of Progress Toward Strategic Objective
The NASA 2014 StrategicReview found that:
e Clearprogresstowardsthe strategicobjective has been demonstrated and sufficient strategies are in place.
e STMD is proceeding with ground tests and flight demonstrations of new crosscutting capabilities with the potential to transform future missions.
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STMD has responded to budget constraints as well as cost, schedule, and performance issues on individual technology efforts with both
preventativeand corrective actions to preserve eventual impact of new crosscutting technology capabilities.
Some risks are acknowledged (such as sufficient budget and access to space), but mitigation strategies and opportunities are identified.

NASA achieved the followingin FY 2014:

During FY 2014, NASA successfully completed a majortest of the Low-Density Supersonic Decelerator (LDSD).

Completed major milestones for other Technology Demonstration Missions (TDM) projects, including Deep Space Atomic Clock (DSAC) and
Composites for Exploration Upper Stage.

Game Changing Development (GCD) completed pressure testing of a 5.5 meter Composite Cryogenic Tank, delivered operational legs for
Robonaut2to the International Space Station (ISS) on-board aSpaceX launch, and completed three Synchronized Position Hold Engage Reorient
Experimental Satellites (SPHERES) slosh experiments on the ISS.

Small Spacecraft Technology (SST) successfully flew PhoneSat 2.4 and 2.5.

Flight Opportunities (FO) flew technology payloads using flight services from four providers: Zero-G, UP Aerospace, Masten, and Near Space.
Highlighted achievements during FY 2014 are detailedinthe NASA FY 2014 Agency Financial Report.

Next Steps
NASA hasinstituted several process improvements, including contractor cost performance, which are expected to improve oversight of STMD’s program

performance. Specifically, NASA has enhanced project formulation by clarifying expected project maturities, instituting Formulation Agreements,
implementingJoint Confidence Levels, establishing tools to provide schedule health checks, and requiring the use of Earned Value Managementon
projects with a lifecycle cost estimate greater than $20 million, includingin-house development work.

Additional details on the strategies for this strategicobjective can be found in the NASA 2014 StrategicPlan.

NextSteps inFY 2015

STMD will continue to explore early stage concepts, advance promising new technologies, and mature transformative solutions for flight demonstration.
Thisapproach will include continued emphasis on portfolio balance and lean, rapid technology development. STMD will also continue to emphasize
partnerships within and outside the Agency. In FY 2015, STMD will pursue the following projects:

The STMD LDSD project plansto conduct the secondin a series of supersonicflight demonstration of a parachute and a supersonicinflatable
aerodynamicdecelerator. Togetherthese technologies will allow for atleast three times greaterlanded mass at Mars over Curiosity, and offera
pathway to landed masses as high as 15-metrictons for applications, such as human missions.

STMD will increase the capabilities of small spacecraft by delivering for demonstration avariety of key small spacecraft components. These
capabilitiesinclude, forexample, demonstrating in-space laser communications using two CubeSats.

To supportlivingand workingin deep space, Space Technology previously completed development of a new variable oxygen regulatorand carbon
dioxide removal system for next generation portablelife support systems (PLSS). In FY 2015, STMD will support human-in-the-loop PLSS testing.
STMD will conduct a Robonaut mobility demonstration using the legs delivered to ISSin FY 2014.

STMD will conductfinal payload integration and testing for the DSAC.
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e Forthe GreenPropellantInfusion Mission (GPIM), STMD will finalize integration of the propulsion and spacecraft systems and ensure the
spacecraftand systems are prepared for the flight demonstration.

FY 2014 Performance Measures

Strategic Objective 1.7: Transform NASA missions and advance the Nation’s capabilities by maturing crosscutting and innovative space technologies.

Performance Goal 1.7.1: Explore and advance promising early stage
solutions to space technology challenges through investmentacross
the U.S. innovation community.

Performance Goal 1.7.2: Advance technologies that offer significant
improvementto existing solutions or enable new space science and
exploration capabilities.

Performance Goal 1.7.3: Mature new crosscutting space technology
capabilities for demonstration.

Annual Performance Indicators

e ST-14-1:Research,study, or develop concepts for 150
technologies, as documentedin technologyreports orplans.

e ST-14-2:Complete atleastseven feasibility studies, ground
demonstrations, or laboratory experiments proving the technical
feasibility of new space technologies.

e ST-14-3: Complete four Key Decision Points for small spacecraft
projects to demonstrate game changing or crosscutting
technologiesin space.

e ST-14-4: Complete three Key Decision Points for Technology
Demonstration Mission (TDM) technology development projects.

e ST-14-5:Selectand fly technology payloads from NASA, other
governmentagencies, industry, and academia using flight services
procured fromatleastfour different commercial reusable
suborbital or parabolic platform providers.
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Performance Goal Ratings for Strategic Objective 1.7, FY 2011 through FY 2014
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Pastfiscal years do notinclude performance measures that do not trend to the currentfiscal yearannual performance indicators.
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Performance Goa | 0 0 014

Explore and advance promising early stage solutions to space technology challenges through investment
across the U.S. innovation community. ce ce e oo

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Space Technology Contributing Program: Multiple Programs
(FY 2014 and FY 2015: Crosscutting Space Technology Development)

FY 2014 Performance Results

NASAison track to meetthis multiyear performance goal as the Agency continues to advance early stage innovation. The Space Technology Mission
Directorate (STMD) develops the crosscutting new technologies and capabilities needed by the Agency to achieve its currentand future missions. NASA
made significant progressinthe followingareasin FY 2014:

Accelerating Development Through Research Grants

NASA accelerates the development of low technology readiness level (TRL) space technologies, through research grants, to support future space science
and exploration needs. Grants are selected through competitive solicitations for proposals from accredited U.S. universities. Through NASASpace
Technology Research Fellowships, Early Career Faculty awards, and Early Stage Innovations awards, STMD engages a broad spectrum of academic
researchers, from graduate researchersto seniorfaculty members. In FY 2014, NASA:

e Selectedthe 2014 class of NASA Space Technology Research Fellows;

e Selectedseven Early Career Faculty Space Technology Research Grants; and

e Produced 178 NASA Space Technology Research Fellowships research training plans and 10 Early Stage Innovations technology reports.

More informationis available on the Space Technology Research Grants Web site.

Investing in Innovative and Advanced Concepts

NASA investsin concepts with the potential to transform future aerospace missions, enable new capabilities, or significantly alterand improve current
approaches. InFY 2014, NASA:

e Made excellent progress oninnovative concept studies selected in prior fiscal years;

e Selected17newinnovative concept studies comprising 12 Phase | projects and 5 Phase Il projects; and

e Produced 12 Phase land 2 Phase Il final reports.

More information is available onthe NASA Innovative Advanced Concepts Web site.
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Encouraging Innovation Within NASA’s Centers

NASA encourages creativity and innovation within the NASA Centers by supporting low-TRLinitiatives that leverage Centertalent and capability. In
FY 2014, NASA:

e Selected and conducted Center Innovation Fund (CIF) projects atall 10 NASA Centers; and

e Produced 10 FY 2013 final reports during FY 2014, one for each of the NASA Centers, detailing the accomplishments of innovative studies that
span NASA’s 14 Technology Roadmaps.

More informationis available on the CIF Web site.

Incentivizing Innovation Through Cash Prizes

NASA provides cash prize incentives to non-traditional sources forinnovations of interest and value to the Agency and the Nation. As part of Centennial
Challenges, NASA:

e Heldthe 2014 Sample Return Robot Challenge CompetitioninJune 2014; and
e Selectedforfurtherdevelopmenttwo new challenge ideas through the NASA@Work solicitation.

More informationis available on the Centennial Challenges Web site.

Fostering Innovation at Small Businesses

NASA provides opportunities for small, high technology companies and research institutions to participate in government-sponsored research and
development (R&D) efforts in key technology areas through its Small Business Innovation Research (SBIR) and Small Business Technology Transfer (STTR)
Programs. In FY 2014, NASA:
e Selected 383 SBIRPhase | projects, 108 SBIR Phase Il projects, 32 STTR Phase | projects, and 23 STTR Phase |l projects; and
e Executed 25 Phase lI-Enhancement contract options to extend SBIR/STTRR&D in partnership with non-SBIR/STTR funding partners, and nine
commercial readiness projects to create direct infusion potential for SBIR/STTR developed technology. The SBIR/STTR Programs continue to
promote advancementto and beyond Phase Il, working closely with other programs to identify and pursue potential collaborations. The SBIR
Program post-Phase |l advancement greatly exceeded expectationsin FY 2014, especiallygiven the inherent complexitiesin aligning willing
external partners, appropriate technologies, and the right timing.

More informationis available onthe SBIR/STTR Web site.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Research, study, or develop concepts for 150 technologies, as documentedin No APl this | No API this ST-11-1 ST-12-1 ST-13-1 ST-14-1
technologyreports or plans. fiscal year | fiscal year Green ‘ Green ‘ Green ‘ Green
Planned Future Performance

For FY 2015: ST-15-1: Research, study, or develop concepts fortechnologies, as documentedin 175 technologyreports or plans.

For FY 2016: ST-16-1: Research, study, or develop concepts for technologies, as documentedin 200 technologyreports or plans.

Contributing Theme: Space Technology Contributing Program: Space Technology Research and Development

(FY 2014 and FY 2015: Crosscutting Space Technology Development)

Annual Performance Indicator

FY2009 | FY2010 | FY2011 | Fy2012 FY 2013 FY 2014
No API this | No API this [EEJEEE) SEPEER] No API this
fiscal year | fiscal year Green Green fiscal year

For FY 2014: Does nottrendto FY 2014.

None

Planned Future Performance

For FY 2015: ST-15-2: Conduct atleast two Centennial Challenges competitions.
For FY 2016: ST-16-2: Conduct atleast three Centennial Challenges competitions.
Contributing Theme: Space Technology Contributing Program: Space Technology Research and Development

(FY 2014 and FY 2015: Cross cutting Space Te chnology Development)

Annual Performance Indicator | FY2009 | Fy2010 | FY2011 | Fy2012 | FY2013 | FY2014

For EY 2014: Does not trend to FY 2014. No APl this | No APl this | No APl this | No API this [ No API this None

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: ST-16-3: Create three opportunities for advancement beyond Phase 11 SBIR/STTR.

Contributing Theme: Space Technology | Contributing Program: SBIR and STTR

ormance Goa 0 0 0 014
Advance technologies that offersignificantimprovement to existing solutions or enable new space science

and exploration capabilities. ee ee ee ee
Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Space Technology Contributing Program: Space Technology Research and Development
(FY 2014 and FY 2015: Crosscutting Space Technology Development)
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FY 2014 Performance Results
NASA ison track to meetthis multiyear performance goal as the Space Technology Mission Directorate (STMD) continues to deliverimprovements to
existing capabilities, while also advancing promising new technologysolutions.

Improving Existing Capabilities and Advancing Promising New Technology Solutions

During FY 2014, Game Changing Development (GCD) delivered the following technologies to NASA stakeholders:

3D printer hardware to the International Space Station (ISS). Testing a 3D printeraboard the ISS is the first step towards establishingan on-
demand machine shopinspace, a critical enabling component for deep-space crewed missions and in-space manufacturing.

Lunar Advanced Volatile Analysis (LAVA) hardware to the Human Exploration and Operations Mission Directorate (HEOMD) forintegration with
the Regolith and Environment Science and Oxygen and Lunar Volatiles Extraction (RESOLVE) payload. LAVAis designed to identify and measure
the relative abundance of volatile elementsin the lunarregolith.

Neutron Spectrometer hardware to HEOMD for integration with the RESOLVE payload.

Robonaut 2 legs tothe ISS. Robonaut 2 is a dexterous, anthropomorphicrobot capable of handling simple, repetitive, or dangerous tasks aboard
the ISS. The new climbinglegs will improve the mobility of the Robonaut 2, freeing up the ISS crew for more critical work, including scientific
research.

AlsoinFY 2014, STMD GCD continued advancement of many other promising technology solutions, including completion of feasibility studies, ground
demonstrations, and laboratory experiments. These included the following accomplishments:

Completed an environmental test program for the 5.5-meter diameter composite cryogenic propellant tank, whichis being developed for future
heavy lift vehicles and otherin-space applications.

Completedthe assembly of apower conversion unit with two 6 electrical kilowatt Stirling engines for a nuclear power demonstration. Stirling
power conversion potentially could be used in power generation systems on planetary surfaces.

Completedalife test of the Rapid Cycle Amine hardware, whichis designed to remove carbon dioxide and humidityfrom the ventilation loop of a
spacesuit.

Completedfabrication of a3.7-meterdiameter, second-generation inflatable hypersonicdecelerator, which is designed to slow avehicle during
atmosphericreentry.

Completedthe development of woven Thermal Protection System (TPS) material billets. Woven TPS material can be manufactured rapidly and
cost-effectively, andis able to withstand the heat of atmosphericentry.

Completedthree Synchronized Position Hold Engage Reorient Experimental Satellites (SPHERES)-Slosh experiments on ISS, which examine the
physics of how liquids behaveinside containersin space.

Completed aseries of hot-fire tests of an additively manufactured engine thrust chamberassembly. The hot-fire tests demonstrated asignificant
increase in performance overtraditional combustion chamber designs and material systems.

More informationis available onthe GCDsite.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Complete atleast seven feasibility studies, ground demonstrations, or laboratory No APl this | No API this ST-11-7 ‘ ST-12-7 ‘ ST-13-2 ‘ ST-14-2

experiments proving the technicalfeasibility of new s pace technologies. fiscal year | fiscal year Green Green Green Green
Planned Future Performance

For FY 2015: ST-15-3: Complete atleast eight feasibility studies, ground demonstrations, or laboratory experiments proving the te chnical feasibility of new s pace technologies.

For FY 2016: ST-16-4: Complete atleast seven feasibility studies, ground demonstrations, or laboratory experiments proving the technicalfeasibility of new space technologies.
Contributing Theme: Space Technology Contributing Program: Space Technology Research and Development

(FY 2014 and FY 2015: Cross cutting Space Technology Development)

0 a E of: U U U D14
No PG No PG No PG

Mature new crosscutting space technology capabilities for demonstration. Fhls fch|s Fhls
fiscal fiscal fiscal ee
year year year

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Space Technology Contributing Program: Space Technology Research and Development
(FY 2014 and FY 2015: Crosscutting Space Technology Development)

FY 2014 Performance Results

NASAison track to meetthis multiyear performance goal as the Agency continues to mature new crosscutting space technology capabilities for
demonstration.

Employing the Unique Features of Small Spacecraft

NASA develops and demonstrates new capabilities employing the unique features of small spacecraft for science, exploration, and space operations. As
part of this effort, the Space Technology Mission Directorate (STMD):

e FlewPhoneSat2.4in November 2013 and PhoneSat 2.5 in March 2014. PhoneSat 2.4 and 2.5 are second-generation smart-phone-based satellites,
and include numerous improvements over the previous generation, such as a two-way radio to enable command of the satellitefrom the ground,
solararrays to enable operationforup toa year, and a system forattitude control. These flights represent originally unplanned opportunities
afforded by the success of PhoneSat 1.0.

e Made significant progress on other small spacecraft demonstration projects, including completion of major project lifecycle milestones forthe
Integrated Solar Array and Reflectarray Antenna (ISARA), the CubeSat Proximity Operations Demonstration (CPOD), and the Optical
Communications and Sensor Demonstration (OCSD).

More informationis available on the Small Spacecraft Technology Web site.
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Maturing Crosscutting Technologies to Flight-Ready Status

Charged with proving revolutionary, crosscutting technologies—ones that could radically advance NASA’s Mission in space and reap untold benefits for
science and industry here on Earth—STMD seeks to mature laboratory-proven technologies to flight-ready status. In this area, STMD made significant
progress on several technology demonstration projectsin FY 2014:

e Completed amajordemonstration of the Low-Density Supersonic Decelerator (LDSD) in June 2014. This was the first of three planned
demonstrations to evaluate new technologies for future Mars missions. The LDSD demonstration metall flight objectives (i.e., the team launched
the testvehicle totargetaltitude, conducted a powered flight, collected real-time telemetry, and recovered the balloon envelope). NASA
deployed two new landing technologies during the test. The SupersonicInflatable Aerodynamic Decelerator (SIAD), alarge, doughnut-shaped
deceleration technology, deployed first during the flight and was a success. The second deployment was that of an enormous parachute (i.e., the
SupersonicDisk Sail Parachute). Imagery downlinked in real-time from the test vehicle indicated that the parachute did not deploy as expected,
and the teamiis still analyzing data onthe parachute so thatlessonslearned can be applied forfuture test flights. The nexttwo flightsinclude
official tests of these landing technologies, involving identical saucer-shaped vehicles.

e Made significant progress on other Technology Demonstration Mission (TDM) projects, including completion of major project lifecycle milestones
for the Deep Space AtomicClock, CryogenicPropellant Storage and Transfer, and Composites for Exploration Upper Stage.

More information is available on the Technology Demonstration Missions Web site.

Providing Flight Opportunities

NASA develops and provides flight opportunities for space technologies to be demonstrated and validated in relevant environments. During FY 2014,
STMD flew technology payloads using flight services from four providers: Zero-G, UP Aerospace, Masten, and Near Space.

More informationis available on the Flight Opportunities Web site.

FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

No API this [ No APl this | No API this ST-12-9 ST-13-3 ST-14-3
fiscal year | fiscal year | fiscal year Green Green Green

Annual Performance Indicator
For FY 2014: Complete four Key Decision Points for small spacecraft projects to demonstrate game
changing or crosscutting technologies in space.

Planned Future Performance

For FY 2015: ST-15-4: Complete four Key Dedsion Points for small spacecraft projects to demonstrate game changingor crosscuttingtechnologies in space.

For FY 2016: ST-16-5: Complete three Key Dedsion Points for small spacecraft projects to demonstrate game changingor crosscuttingtechnologies in space.

Contributing Theme: Space Technology Contributing Program: Space Technology Research and Development

(FY 2014 and FY 2015: Crosscutting Space Technology Development)
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Complete three Key Decision Points for Technology Demonstration Mission (TDM) No APl this [ No API this ST-11-10 ST-12-10 ST-13-4 ST-14-4
technology development projects. fiscal year | fiscal year Green Green Green Green
Planned Future Performance

For FY 2015: ST-15-5: Complete four Key Dedsion Points for Technology Demonstration Mission (TDM) technology development projects.

For FY 2016: ST-16-6: Complete three Key Dedision Points for Technology Demonstration Mission (TDM) technology development projects.

Contributing Theme: Space Technology Contributing Program: Space Technology Research and Development

(FY 2014 and FY 2015: Crosscutting Space Technology Development)

Annual Performance Indicator
For FY 2014: Select and flytechnology payloads from NASA, other government agencies, industry,
and academia usingflight services procured from at least four differe nt commercial re usable
suborbitalor parabolic platform providers.

Planned Future Performance

For FY 2015: ST-15-6:Select and flytechnology payl oads from NASA, other government agencies, industry, and academiausing flight services procured from at | east five different
commercial reusable suborbital or parabolic platform providers.

For FY 2016: ST-16-7:Select and fly technology payloads from NASA, other government agencies, industry, and academia using flight services procured from at | east five different
commercial reusable suborbital or parabolic platform providers.

Contributing Theme: Space Technology Contributing Program: Space Technology Research and Development

(FY 2014 and FY 2015: Cross cutting Space Technology Development)

FY 2009 | FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

No API this
fiscal year

No API this ST-11-11 ST-12-11 ST-13-5 ST-14-5
fiscal year Green Green Green Green
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Strategic Goal 2

Part 3—Performance Reporting and Planning

Strategic Goal 2: Advance understanding of Earth and develop technologies to improve the quality of life on our home planet.

Strategic Objective 2.1: Enable a revolutionary
transformation for safe and sustainable U.S. and
global aviation by advancing aeronautics research.

Strategic Objective 2.2: Advance knowledge of
Earth as asystemto meetthe challenges of
environmental change, and toimprove life onour
planet.

Strategic Objective 2.3: Optimize Agency
technology investments, fosteropen innovation,
and facilitate technology infusion, ensuring the
greatest national benefit.

Strategic Objective 2.4: Advance the Nation’s
STEM educationand workforce pipeline by
working collaboratively with other agencies to
engage students, teachers,andfaculty in NASA’s
missions and unique assets.

FY 2014 Performance Goals

e 2.1.1:Develop solutions that will advance
decision-making ability for improving airtraffic
management toaccommodate future growth in
air travel,and for increasing aviation safety
under hazardous conditions.

e 2.1.2: Demonstrate the ability toreduce sonic
booms, enabling future industry innovationin
commercial supersonic aircraft.

e 2.1.3:Advanceairframe and engine technologies
to enablethe development of future generations
of ultra efficient aircraft that minimize
environmental impact.

e 2.1.4:Facilitate significant environmental and
efficiencyimprovements throughresearchon
alternative jet fuel use and on hybrid gas-electric
propulsionsystem concepts.

e 2.1.5:Significantly increase the ability to
anticipate and resolve potential safety issues and
predict the health and robustness of aviation
systems.

e 2.1.6:Support transformation of civil aircraft
operations and airtraffic management through
the development, application,andvalidation of
advanced autonomy and automation
technologies, including addressing critical
barrierstofuture routine access of Unmanned
Aircraft Systems (UAS) in the National Airspace
System, throughthe developmentand
maturation of technologies and validation of
data.

2.2.1: Demonstrate progressinadvancing the
understanding of changes in Earth’s radiation
balance, air quality, and the ozone layer that
result fromchanges in atmospheric composition.
2.2.2: Demonstrate progressinimproving the
capability to predict weather and extreme
weatherevents.

2.2.3: Demonstrate progressindetecting and
predicting changes in Earth’s ecosystems and
biogeochemical cydles, including land cover,
biodiversity,and the global carboncycle.

2.2.4: Demonstrate progress inenabling better
assessmentand management of water quality
and quantity to accurately predict howthe
global water cycle evolvesinresponse to climate
change.

2.2.5: Demonstrate progress inimproving the
abilityto predict climate changes by better
understanding theroles andinteractions of the
ocean, atmosphere, land,and ice inthe climate
system.

2.2.6: Demonstrate progressincharacterizing
the dynamics of Earth’s surface andinterior,
improving the capability toassess and respond
to natural hazards and extreme events.

2.2.7: Furtherthe use of Earth system science
researchto inform decisions and provide
benefits to society.

2.2.8: By December 2017, launch at least five
missionsin support of Strategic Objective 2.2.

e 2.3.1:Implementthe five-year StrategicPlan to
improve the ability totransfer NASA-developed
technologies.

e 2.3.2:Implementa process that enables the
Agency to defineand lead the AgencyGrand
Challenge.

e 2.4.1:Assurethatstudents participating in NASA|
higher education projects are representative of
the diversity of the Nation.

e 2.4.2:Continueto support STEM educators
through the delivery of NASA education content
and engagementin educator professional
development opportunities.

e 2.4.4:Continueto provide opportunities for
learnersto engage in STEM education through
NASA unique content providedto informal
educationinstitutions designedto inspire and
educatethe public.

e 2.4.5:Continueto provide opportunities for
learnersto engage in STEM education
engagementactivities that capitalize on NASA-
unique assetsand content.
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Summary of Performance for Strategic Goal 2

Comparison of Ratings for Performance Goals and Annual Performance Comparison of Ratings for Performance Goals and Annual Performance

Indicators by Strategic Objective, FY 2013

Indicators by Strategic Objective, FY 2014
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Strategic Objective 2.1
Enable a revolutionary transformation for safe and sustainable U.S. and global
aviation by advancing aeronautics research.

Lead Office Goal Leader
Aeronautics Research Mission Directorate (ARMD) Mr. Robert A. Pearce, Directorfor Strategy, Architecture and Analysis, ARMD

Contributing Programs

FY 2014: Airspace Systems Program, Aviation Safety Program, Fundamental Aeronautics Program, Integrated Systems Research Program

FY 2015 and 2016: Airspace Operations and Safety Program, Advanced AirVehicles Program, Aeronautics Test Program, Integrated Aviation Systems,
Transformative Aeronautics Concepts Program

Budget for Strategic Objective 2.1

Actual Enacted Requested Notional
Budget Authority (in $ millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $566 --- $571 $580 $589 $598 $606

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information” sectionin the introduction to Part 3.

Vision for Successin 10 Years
The success of the strategicobjective and research can be determined by how well ARMD contributes to the six new research focus thrusts through the
completion of the technical challenges in partnership with the aviation community.

Update of Progress Toward Strategic Objective
The NASA 2014 StrategicReview found that:
e The new ARMD research strategy identifies six research thrusts with alist of expected outcomes associated with each thrust.
e Thisnewstrategy has significant stakeholdersupport.
e Areorganization of research programstoalign with the new strategyisin progress, and the strategicimplementation planisin development.
e External reports generally have positive findings regarding the portfolio of programs and new strategicdirection.
e Thereare nosignificantevents orissuesthat would prevent ARMD from achieving the strategicobjective.
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FY 2014 achievementsincluded the following:

e Conducted Alternative Fuel Effects on Contrails and Cruise Emissions (ACCESS) Il flight testing.

e The Airspace Systems Program continued progress towards Air Traffic Management Technology Demonstration (ATD)-1, which will showcase an
integrated set of technologies that provide an efficient arrival solution for managing an aircraft’s descent from cruising altitude all the way down
to the runway. One of the ATD-1 tools, the Terminal Sequencing and Spacing (TSS) tool, was officially transferred to the Federal Aviation
Administration (FAA) in July 2014.

e Demonstrated anaerodynamicmodel enabling stall recovery training for commercial airline pilots.

e Completed Low Boom Flight Demonstrator Conceptual Design studies.

e Completed high-fidelity experimental and computer simulations to determine the potential benefit of the truss-braced wingtechnology concept.

e Modeledanddesignedalow alternating current-loss, fully superconducting electricgenerator for distributed propulsion aircraft configurations.

e Completed demonstration of awireless sensor providing lightning protection.

e Conducted ahuman-in-the-loop simulation with piloted aircraftand unmanned aircraft mixed in arange of test conditions.

e Highlighted achievements during FY 2014 are detailedinthe NASA FY 2014 Agency Financial Report.

Next Steps
Additional details on the strategies forthis strategicobjective can be foundinthe NASA 2014 StrategicPlan.

NextSteps in FY 2015

NASA Aeronautics research will align to the six long term strategicthrusts. Specificresearchin FY 2015 will focus on the following: reducing aircraft safety
risks and increasing operational efficiency of air traffic management systems; developing and maturing portfolios of advanced airframeand engine
technologies to achieve aggressive energy efficiency, noise, and emissions goals; continuing progress on reducing barriers to routine access of Unmanned
Aircraft Systems (UAS) in the National Airspace System (NAS); supporting national efforts to transition to alternative fuels and pioneer low carbon
propulsion; accelerating the detection and prognosis of system-wide safety threats; taking first steps towards demonstrating the feasibility of low-boom
supersonicvehicles; and establishing confidencein the safety of new automation software systems.
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FY 2014 Performance Measures

Strategic Objective 2.1: Enable a revolutionary transformation for safe and sustainable U.S. and global aviation by advancing aeronautics research.

Performance Goal 2.1.1:
Develop solutions that will
advance decision-making a bility
forimproving air traffic
management toaccommodate
future growth inair travel, and
forincreasing aviation safety
under hazardous conditions.

Performance Goal 2.1.2:
Demonstrate the ability to
reduce sonic booms, enabling
future industry innovation in
commercial supersonic aircraft.

Performance Goal 2.1.3:
Advance airframe and engine
technologies to enable the
development of future
generations of ultra efficient
aircraftthat minimize
environmental impact.

Performance Goal 2.1.4:
Facilitate significant
environmental and efficiency
improvements through
researchon alternative jetfuel
use and onhybrid gas-electric
propulsionsystem concepts.

Performance Goal 2.1.5:
Significantly increase the
abilityto anticipate and
resolve potential safety
issuesand topredictthe
health androbustness of
aviation systems.

Performance Goal 2.1.6:Support
transformation of civil aircraft
operations and airtraffic
management through the
development, application, and
validation of advancedautonomy
and automation technologies,
including addressing critical
barrierstofuture routine accessof
Unmanned Aircraft Systems (UAS)
in the National Airspace System,
through the development and
maturation of technologies and
validation of data.

Annual Performance Indicators

e AR-14-3:Providean
integrated, high-fidelity

simulatordemonstrationof an

aerodynamicmodel that
supports flight crewtraining

requirements for assuring safe)

aircraftcontrol.

e AR-14-4:Develop ascheduling

tool that reduces departure
delays by enabling efficient
aircraftdepartureand

mergingintoopen slotsin the

congested overhead traffic
stream.

e AR-14-12: Complete Low
Boom Flight Demonstrator
(LBFD) conceptual design.

AR-14-10: Execute data
acquisitionand control
systems upgrades for the
Glenn Research Center 10x10
Foot Supersonic Wind Tunnel.
AR-14-11: Execute data
measurement techniques and
flow quality improvements at
the Langley Research Center
National Transonic Facility.
AR-14-5: Use highly-detailed
experimental and computer
simulations todetermine the
potential of the truss-braced
wing technology conceptto
enablereducedfuel usein
transport aircraft.

AR-14-7: Demonstrate Ultra
High Bypass (UHB) propulsion
systems can be integrated
with Hybrid Wing Body (HWB)
conceptsto meet fuel burn
and noisegoals.

AR-14-9: Conducta successful
Project Formulation Review
and establishanadvanced
composites consortiumto
acceleratethe development
and certification process for
advanced composite
structures.

e AR-14-13: Model anddesign g
fully superconducting electric

generator for novelaircraft
propulsionapplications.

e AR-14-1:Conducta ground
based demonstration of a
wireless sensorthat
provides lightning
protection and can detect
and diagnose damage in
composite structures.

e AR-14-2: Demonstrate use ofan
advanced software technique to
verify the safety of a complex
aircraftor ground automation
software system.

e AR-14-8: Conducta human-in-
the-loop (HiTL) simulation where
unmanned aircraft are mixed
with mannedaircraft and
subjectedto arange of test
conditions.
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Performance Goal Ratings for Strategic Objective 2.1, FY 2011 through FY 2014
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Pastfiscal years do notinclude performance measures that do not trend to the currentfiscal yearannual performance indicators.

FY 2014 Annual Performance Report and FY 2016 Annual Performance Plan

130



Strategic Goal 2—Strategic Objective 2.1 Part 3—Performance Reporting and Planning

0 d e of 0 0 0 D14

Develop solutions that will advance decision-making ability forimproving airtrafficmanagementto 4 4 /
accommodate future growth inair travel, and forincreasing aviation safety under hazardous conditions. ee ee e e ee

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Aeronautics Contributing Program: Airspace Operations and Safety
(FY 2014: Airspace Systems)

FY 2014 Performance Results

During FY 2014, NASA continued progress towards Air Traffic Management Technology Demonstration (ATD)-1, which aims to improve arrival operations
efficiency while increasing arrival throughput using integrated aircraft- and ground-based automation technologies. The Airspace Systems Program
completed afull scale simulation of air trafficoperations utilizing all technologies and procedures under development for ATD-1. This marks the end of the
first phase of demonstration activities thatinvolved development of prototype systems, integration of all of the technologies, and initial human-in-the-
loop simulationsin NASAlaboratories. The next phase willinvolve development of the demonstration systems, follow-on simulations using Federal
Aviation Administration (FAA) facilities and personnel, flight testing of avionics, and shadow testing of the integrated system. The last phase willfinalize
the demonstration plansand culminate inafield trial inacontrolled, yet realisticoperational environment. Initiated in FY 2011, ATD-1is plannedto
completein FY 2017 with a final technology transferto the FAA of an integrated set of terminal arrival tools that willallow arrival aircraft to safely fly
closertogetheron more fuel-efficient routes. This willincrease capacity, reduce delay, and minimize fuel burn, noise, and greenhouse gas emissions.
NASA delivered an ATD-1tool, Terminal Sequencingand Spacing (TSS), to the FAA during an official ceremony heldin July 2014. TSS technology provides
information to controllers about the speeds they should assign to aircraft as they follow fuel-efficient, continuous-descent arrival procedures while
passingthrough a region of airspace coveringadistance from an airport of about 50 miles.

Simulation of large transportairplanes in upset conditions remains a topic of highinterestto commercial aviation as part of the effortto reduce the risk of
fatal loss-of-control accidents. During FY 2014, the Aviation Safety Program demonstrated an aerodynamic modelthat can enable stall recovery training
for commercial airline pilots, surpassing the capabilities of current day simulators. The model was determined to be of sufficient fidelity forapplication to
a flight training simulator environment, based on recommended simulator certification criteria for stalls being developed by relevant technical research
and training organizations. The model datawere validated by subscale aircraft flight tests, as well as other flight test and accident data.

The Airspace Systems Program’s Spot and Runway Departure Advisor (SARDA)is designed to help tower controllersimprove the efficiency of airport
surface operations. During FY 2014, NASA completed three in aseries of six human-in-the-loop (HITL) experiments using the Agency’s FutureFlight Central
facility to simulate SARDA-enabled operations at the US Airways ramp tower at Charlotte-Douglas International Airport. The next HITLsimulation will
incorporate a more advanced scheduler, providing new and enhanced advisories to ramp and tower controllers.

To accelerate transformation of the National Airspace System (NAS), the Airspace Systems Programis developing the Shadow Mode Assessments Using
RealisticTechnologies forthe NAS, or SMART-NAS, capability, alive, virtual, and constructive environment where alternative future concepts,
technologies, air-ground, human-machine architectures can be examined inanintegrated fashion to assess NAS-level performance and benefits. As afirst
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step towards development, NASA made awards in FY 2014 to fourteams tasked with developing aninnovative NASmodeling architecture that willuse a
real-time, one-way feed of live aircraft trafficdata and allow shadow-modetesting of advanced, gate-to-gate conceptsin anintegrated fashion to
accelerate application of Next Generation Air Transportation System (NextGen) technologies.

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 FY2013 | FY2014
For FY 2014: Provide an integrated, high-fidelity simulator demonstration of an aerodynamic 9AT1 10ATO3 AR-11-2 AR-12-3 No API this AR-14-3
model that supports flight crew training re quire ments for assuring safe aircraft control. ‘ Green ‘ Green ‘ Green ‘ Green Green
Planned Future Performance
For FY 2015: No API this fiscal year
For FY 2016: No API this fiscal year
Contributing Theme: Aeronautics | Contributing Program: Aviation Safety

Annual Performance Indicator | Fy2009 | Fvy2010 | Fvy2011 | FY2012 | FY2013 | FY2014
For FY 2014: Developa schedulingtool thatreducesdeparture delays by enabling effidentaircraft | No API this 10AT06 AR-11-4 AR-12-6 No API this AR-14-4
departure and merging into open slots in the congested overhead traffic stream. fiscal year Green ‘ Green ‘ Green Green
Planned Future Performance

For FY 2015: AR-15-1: Demonstrate the Concept of Operations for an integratedset ofaircraft arrival technologies (ATD-1) that will provide for efficient performance during congested
operations atbusyairports.

For FY 2016: AR-16-1: Developan integrated Concept of Operations (ConOps) to reduce take-off time variability, thereby decreasing delays, aircraft wait time, and fuel usage, and conduct
a simulation to demonstrate technologies that support the integrated ConOps.

Contributing Theme: Aeronautics Contributing Program: Airspace Operations and Safety

(FY 2014: Airspace Systems)

Perfto d e 03 [ 0 0 014
No PG No PG No PG

Demonstrate the ability to reduce sonicbooms, enabling future industry innovationin commercial this this this

supersonicaircraft. fiscal fiscal fiscal ee
year year year

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Aeronautics Contributing Program: Advanced AirVehicles

(FY 2014: Fundamental Aeronautics)

FY 2014 Performance Results

During FY 2014, NASA’s Fundamental Aeronautics Program continued to conduct research and provide leadership in efforts to overcome the barriers to
successful commercial supersonicaircraft. These include environmental barriers, such as sonicboom, airport noise, and high-altitude emissions, as wellas
efficiency barriers related to airframe, propulsion, and supersonic operations in the National Airspace System. Although work continuesin all of these
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areas, NASA’s currentfocusis on the most significant barrier: sonicboom noise caused by the presence of shock waves when an aircraft flies faster than
sound. The disturbance caused by sonicboom noise led to the implementation of Federal Aviation Administration (FAA) and internationalrestrictions that
essentially banned commercial supersonicflight overland, which inturn severely limited the potential market for civil supersonicaircraft. The program’s
sonicboomresearch addresses two of the most importantaspects of the problem with the goal of creating key datathat regulators can use to create a
noise-based standard for certifying overland flight. The first aspectis understanding the sonicboom’s acoustics and itsimpact on a community below,
including how people react to hearing sonicbooms when outside orindoors, and how quietaboom needs to be beforeitis not considered an annoyance.
The second aspectis developing and validating tools and techniques to enable the design of supersonicaircraft that produce acceptable sonicboom noise.

In the sonicboom response area, efforts focused on understanding response to sonicbooms heard indoors. The Fundamental Aeronautics Program used
the Interior Effects Room to study people’s levels of annoyance in reaction to simulated sonicboom noise of varying degrees. A majoraccomplishment
was the development and validation of software that can simulate sonicboom induced exterior pressure loading on buildings; transmission through
building partitions (e.g., walls orwindows); interior radiation of the transmitted pressures; and the resultingindooracousticenvironment. This software
will enable researchers to generalize results fromthe Interior Effects Roomto a widervariety of building sizes and types.

The low sonicboom design tool research continued to progress toward completion of aset of enhanced capabilities for full supersonicvehicle analysis.
Building on previous airframetool development, the team conducted aseries of wind tunnel tests to validate toolsused to predict the impact of engine
inletand nozzle flow on the overall sonicboom signature.

As the Aeronautics Research Mission Directorate continues its successful research into the two key aspects of the sonicboom barrier, itis considering
what the nextlogical step toward development of asonic boom standard might be. The conclusion reachedisthataflight demonstration of low boom
technologyisthe only way to achieve full validation and collect the required community response datain the most realisticenvironment—that of people
intheirown homesinany typical community. In FY 2014, the program completed afeasibility study fora Low Boom Flight Demonstration (LBFD). The
purposes of this study were to develop asolid set of requirementsforan LBFD, examine conceptual designs that could meet these requirements, and
determine if such ademonstration would be affordable. Two airframe contractorteams and an internal NASA team participated. The teamswere able to
identify feasibleapproaches based on new low boom airframe designs that use asignificant amount of existing components, such as engines, landing
gear, and cockpit systems. The teams determined the requirements of the LBFD could be accomplished with arelatively small and, therefore, affordable
demonstratoraircraft. The programinitiated follow-on efforts aimed at refining the proposed concepts and identifying design risk areas. This effortis part
of NASA’s overallapproach to makinginformed decisions aboutafuture LBFD.

| FY2009 | Fy2010 | FY2011 | Fy2012 | FY2013 | FY2014
9AT9 10AT09 AR-11-8 AR-12-10 AR-13-5 AR-14-12
Green Green Green Green Green Green

Annual Performance Indicator

For FY 2014: Complete Low Boom Flight Demonstrator (LBFD) conceptual design.

Planned Future Performance

For FY 2015: AR-15-2: Develop full-vehicle analysis and optimization toolsfor multi-point low-boom s upersonic aircraft design.

For FY 2016: AR-16-2: Complete Low Boom Flight Demonstration (LBFD) Concept Refinement Studies.

Contributing Theme: Aeronautics | Contributing Program: Advanced AirVehides (FY 2014: Fundamental Aeronautics)
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Advance airframe and engine technologies to enablethe development of future generations of ultra 4 4 4
efficientaircraft that minimize environmentalimpact. ee ee e e ee

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Aeronautics | Contributing Program: Multiple Programs

FY 2014 Performance Results

During FY 2014, the Fundamental Aeronautics Program conducted detailed structural analyses and wind-tunnel testing for the truss-braced-wingairliner
conceptin NASA’s Transonic Dynamics Tunnel. This concept was developed in partnership with Boeing as part of the Subsonic Ultra Green Aircraft
Research (SUGAR) effort under NASA’s Advanced Concept Studies for 2035 SubsonicCommercial Transport. The truss-braced wingis a promising
technology forlighter-weight, lower-drag capability in transport aircraft. Post-test analysis verified the high fidelity finite element model of the structure,
as well asthe favorable weight estimates of the wing conceptthat support the fuel burn benefits of this aircraft configuration.

Additionally, the Fundamental Aeronautics Program conducted analysis and testingin NASA’s 14x22-Foot Subsonic Wind Tunnel, which showed the
aerodynamicbenefits of the D8 concept withits “double-bubble” lifting fuselage and unique propulsion system placement. This concept was developedin
partnership with the Massachusetts Institute of Technology, also as part of NASA’s Advanced Concept Studies for 2035 Subsonic Commercial Transport.
The designreplaces the traditional cylindrical fuselage with two partial cylinders placed side-by-side. The engines sit atop the rear of the fuselage, rather
than slung beneath the wing, to make use of a technique called boundary layeringestion, where slower moving air from the wake of the fuselage enters
the engines, resultinginless fuel consumption forthe same amount of thrust.

The program alsoreleased areport called “CFD Vision 2030 Study: A Path to Revolutionary Computational Aerosciences,” which discussed the need to
substantially improvethe current computational fluid dynamics (CFD) tools to meet the challenge of designing future air vehicles that will cut fuel
consumption, reduce polluting emissions, and fly more quietly. The report also discussed how new algorithms must be written to take advantage of the
ever-increasing speed and complexity of future supercomputers.

During FY 2014, the Integrated Systems Research Program’s Environmentally Responsible Aviation project demonstrated, through analysis and testing,
that ultra high bypass (UHB) propulsion systems can be integrated with hybrid wing body concepts to meet fuel burn and noise goals. Hybrid wing body
configurations hold the promise of significantly reducing the environmentalimpact forcommercial transport aircraft, offering advantagesin noise
reduction andfuel burnreduction notavailable to today’s more standard tube-and-wing aircraft configurations. Additionally, the UHB engine offers the
potential to dramatically reduce fuel burn and noise compared to the version of the aircraft engine commonly used by airliners today. The program
continued itsinvestigation of UHB technologies by conductingawind tunnel test of asecond-generation UHB engine model with optimized fan exit guide
vanes. The program used the testto determinethe effectiveness of those configurations to reduce noise and theirimpact on the performance of the
engine. The wind tunnelresults agreed with those predicted by state-of-the-art tools. Datafrom the test will contribute to a comprehensive performance
database formodern UHB propulsortechnologies that will be used by NASA and industry to update systems studies.
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In addition, the program successfully conducted aformulation review that approved the implementation of the Advanced Composites project. The goal of
thisfive-year projectistoreduce the time required for certification of innovative composite materials and structures.

FY 2009 FY 2010 FY 2011 FY 2012 | FY 2013 | FY 2014

No API this [ No APl this | No APl this | No API this AR-13-8 AR-14-10
fiscal year | fiscal year | fiscal year | fiscal year Green Green

Annual Performance Indicator
For FY 2014: Execute data acquisition and control systems upgrades for the Glenn Research Center
10x10-Foot Supersonic Wind Tunnel.
Planned Future Performance
For FY 2015: No API this fiscal year
For FY 2016: No API this fiscal year

Contributing Theme: Aeronautics | Contributing Program: Aeronautics Test

Annual Performance Indicator | FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 | FY 2014
For FY 2014: Execute data measurement techniquesand flow qualityimprovements atthe Langley | No APl this | No APl this | No APl this | No APl this | No API this |IVAGERESHEER
Research Center National Transonic Facility. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: Aeronautics | Contributing Program: Aeronautics Test

Annual Performance Indicator | FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Use highly-detailed experimental and computer simulations to determine the
potential of the truss-braced wing technology concept to enable reduced fuel use in transport
aircraft.

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: AR-16-3: Quantify the drag reduction benefit of boundarylayeringestion fora representative aircraft configuration.

Contributing Theme: Aeronautics | Contributing Program: Advanced AirVehides (FY 2014: Fundamental Aeronautics)

9AT7 10ATO7 AR-11-6 AR-12-8 AR-13-4 AR-14-5
Green Green Green Green Green Green

FY 2010
10AT12
Yellow

| FY2009 |
No API this
fiscal year

Annual Performance Indicator FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Demonstrate Ultra High Bypass (UHB) propulsion systems can be integrated with AR-11-10 AR-12-12 AR-13-6 AR-14-7
Hybrid Wing Body (HWB) concepts to meet fuel burn and noise goals. Green Green Green Green
Planned Future Performance

For FY 2015: AR-15-3: Developandanalyze vehide concepts with the a ppropriate technology s uite to simultaneously meet fuelburn, community noise, and Landing and Take-off Nitrogen
Oxides subsonictransport goalsbythe 2020-2025 timeframe.

For FY2016: No API this fiscal year

Contributing Theme: Aeronautics | Contributing Program: Integrated Aviation Systems (FY 2014: Integrated Systems Research)
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Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

For FY 2014: Conduct a successful Project Formulation Review and establish an advanced
composites consortiumto accelerate the development and certification process for advanced
composite structures.

No APl this | No APl this | No APl this | No APl this [ No API this AR-14-9
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Yellow

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: AR-16-4: Complete Phase | activitiesand create a plan for Phase |1to enable the project to reduce the timeline for development and certification of advanced composite
structures.

Contributing Theme: Aeronautics | Contributing Program: Advanced AirVehides (FY 2014: Integrated Systems Research)

Explanation of Rating

NASA’s Advanced Composites project focuses its research on accelerating the development, verification, and regulatory acceptance of advanced
composite materials. The goal is to reduce the time it takes to get advanced composite materials from development, through certification, and to the
marketinan effortto maintain America’s competitive advantage in the global aerospace industry. During FY 2014, the Advanced Composites project
completed many but not all of the activities forestablishingthe Advanced Composites Consortium. Asaresult, NASA rated AR-14-9yellow.

On May 28, 2014, the Advanced Composites project underwenta final Formulation Review covering fiscal years 2015 through 2018. The Associate
Administrator for NASA’s Aeronautics Research Mission Directorate (ARMD) gave the Advanced Composites project authority to proceed. The Formulation
Authorization Document, authorizing projectimplementation, was signed. After reviewing the partnering approach, ARMD approved the Advanced
Composites project to proceed with the Advanced Composites Consortium, with acondition that they engage anindependent third party integratorto
manage the consortium.

The Advanced Composites Consortiumis designed to address and fund the research and technology development needs of NASA and industry related to
certification processes, procedures, and toolsto support the integration of advanced composite materials and structures into aeronautics vehicles. It
includes NASA, other government agencies, industry,and academia. During FY 2015, NASA plans to formally establish the Advanced Composites
Consortium with an agreed to Articles of Collaboration, which will complete the annual performance indicator.

0 a e o U U U V14
No PG No PG No PG

Facilitate significant environmental and efficiency improvements through research on alternative jet fuel this this this /
use and on hybrid gas-electricpropulsion system concepts. fiscal fiscal fiscal e
year year year

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Aeronautics Contributing Program: Multiple Programs
(FY 2014: Fundamental Aeronautics)
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FY 2014 Performance Results

Alternative Fuel Effects on Contrails and Cruise Emissions (ACCESS) Il flight testing, staged in FY 2014 from Palmdale, CA, was the latestin a series of
ground and flight tests thatbegan in 2009 to study emissions and contrail formation from new blends of aviation fuels thatinclude biofuelfrom
renewable sources. The ACCESS Il campaignis a joint effort underthe Fundamental Aeronautics Program involving NASA and international partners,
including the German Aerospace Agency (DLR) and the National Research Council (NRC) of Canada.

ACCESS | testing, conducted in 2013, showed thatthe biofuel blends tested may substantially reduce emissions of black carbon, sulfates, and organics. The
ACCESS Il experiment gathered additional data confirming the results of ACCESS |, and contributed to ongoing studies about contrail formation.

Four research aircraft were involved inthe ACCESS Il campaign: DLR’s Falcon 20-E5, NRC’s CT-133, NASA’s four-engine DC-8flying laboratory, and NASA’s
HU-25C Guardian. Flyingas high as 40,000 feet, the DC-8's four CFM56 engines burned a mix of differentfuelblends (eithertraditional Jet A fuel ora 50-
50 blend of Jet A and renewablealternative fuel of hydro processed esters and fatty acids produced from camelina plant oil), while the Falcon, Guardian,
and CT-133 measured emissions and observed contrail formation from the DC-8.

Understandingthe characteristics of burning alternative fuels could enable their widespread use as they become more readilyavailable and cost
competitive with conventional jet fuels. This research supports the strategicvision of NASA’s Aeronautics Research Mission Directorate (ARMD), part of
whichisto enable the transition of the aviation industry to alternative fuels and low-carbon propulsion systems. As part of an international teaminvolved
inthisresearch, NASA will share its findings with the 24 member nations that make up the International Forum for Aviation Research. DLRand NRCare
participating membersand NASA is the current chair.

As a promising technology forimproving the efficiency of N+3 (research and development generation thatis three generations beyond the current
commercial transport fleet) aircraft designs, the Fundamental Aeronautics Programisinvestingin hybrid gas-electric propulsion system technologies. The
program completed studies thatresultedinaviable conceptual design forasuperconducting generator, and work was begun to establisha
superconductor ACloss facility at the Centerfor Advanced Power Systems at Florida State University. The generator concept established the feasibility of
afully superconducting electricgenerator to be usedin a distributed propulsion aircraft configuration. Thisis a conceptthat would allow multiple electric
motors to drive many distributed fans to be usedin an ultra-efficient hybrid electricaircraft. Additionally, ARMD made a selection through the NASA
Research Announcement process to begin contractual work on a low-emissions, fuel-flexible combustor.

Annual Performance Indicator | Fy2009 | Fvy2010 | Fy2011 | FY2012 | FY2013 | Fy2014
For FY2014: Modelanddesigna fullysuperconductingelectric generator for novel aircraft No APl this | No APl this | No APl this | No API this [ No API this AR-14-13
propulsionapplications. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: AR-15-4: Characterize gaseous and particulate cruise e missions of biofuel-blended jet fuels and effects of fuel sulfur during flight at cruise conditions.

For FY 2016: AR-16-5: Develop a detailed conceptual design of a hybrid gas-electric propulsion system fora B737-class aircraft and assess its overall ve hicle-level benefits interms of
noise, emissions, and energy consumption.

Contributing Theme: Aeronautics | Contributing Program: Advanced Air Vehides (FY 2014: Fundamental Aeronautics)
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Does not trend to FY 2014. No APl this | No APl this [ No APl this | No APl this | No API this None

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: AR-16-6: Establisha processfororiginating, proposing, and selecting feasibility assessment research activities for the Convergent Aeronautics Solutions (CAS) Project.

Contributing Theme: Aeronautics | Contributing Program: Transformative Aeronautics Concepts

0 d e of 0 U U 014

Significantly increase the ability to anticipate and resolve potential safety issues and to predict the health 4 4 /
and robustness of aviation systems. ee oE op e

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Aeronautics | Contributing Program: Multiple Programs (FY 2014: Aviation Safety)

FY 2014 Performance Results

NASA’s Aviation Safety Program has partnered with engine manufacturers and other government agencies to conduct Vehicle Integrated Propulsion
Research (VIPR) testing with the goal of advancingthe commercialization and acceptance of propulsion health management technologies. This partnership
providesameansto testand evaluate emerging health management technologies on acommercial engine, incorporating new sensors directly on the
engine and evaluatingadvancesin enginediagnostics. During FY 2014, NASA and its partners engaged in detailed planning for VIPR testing scheduled for
FY 2015. Thiswill be the thirdina series of three testsrelated to propulsion health managementthatbeganin FY2011, and will include planned ingestion
of volcanicashinto an aircraft-mounted engineduringaground test.

Current methods of lightning protection for composites resultin unwanted additional weight. The Aviation Safety Programis conducting researchona
new, multifunctional lightning strike protection method foraircraft that can also detectand diagnose damage to composite structures. Since composites
do not have the conductivity of aluminum, manufacturers embed a metal mesh (typically aluminum or copper) on the surface of the composite material.
The mesh adds conductivity that helps prevent lightning from creating catastrophicdamage, butit also adds weight. The new method applies a “SansEC,”
(“sans” (without) electricconnection) sensor, made of athin, lightweight copperfoil, to an aircraft surface, forminga “Smart Skin” layer. The program
conductedresearchin FY 2014 that demonstrated the new method successfully meets lightning strike protection requirements with less weight than
current methods and also detected and diagnosed damage scenarios, including delamination, punctures, and rips.

Duringthe past 20 years, the aviationindustry has documented more than 200 incidents where turbofan jet engines have lost power during high-altitude
flights. For many of these events, the aircraft were flyingin the vicinity of heavy storm clouds, but with little activity showing on the weatherradar at their
flightaltitude. NASAis part of an international team working to improve aviation safety by analyzing high altitude ice crystals using aspecially equipped
French Falcon 20 aircraft. The primary goal of the FY 2014 flight campaign, conducted in Darwin, Australia, duringits summer months, was to collect data
on the characteristics of weather known to produce high ice watericing conditions. This research will help the aviation community to betterunderstand
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the meteorological conditions that cause high concentrations of crystalsin certain areas, advancing the development of technologies that may someday
be able to detectthe presence of ice crystals or lessen their effectsin flight.

The Aviation Safety Program’s data mining research focuses on identifying precursors that often provide an early indication of animpending event that
could pose a safety concern. Accurate and timely identification of precursor conditions will be a key capability in the drive toward more real-time, system-
wide safety assurance. The program has developed asuite of capable algorithms that can look for precursors among different data types, across
thousands of recorded flights. In FY 2014, the program developed methodstoimprove the reliability of predicting future events through identification of
specificprecursors. In particular, the program examined connections between overspeeds and underspeeds (potential safetyevents) and data patterns
occurring earlierin the flight (precursors). The program also expanded its capability to identify unusual events (anomalies) in radar track data. This class of
algorithms will be instrumental in developing broader system-wide safety capabilities that consider both onboard and air trafficdata.

FY 2014
AR-14-1
Green

FY 2010
No API this
fiscal year

FY 2011

No API this
fiscal year

FY 2009

No API this
fiscal year

Annual Performance Indicator FY2012 | Fvy2013 |
For FY 2014: Conduct a ground-based demonstration of a wirelesssensor that provides lightning
protectionandcandetectand diagnose damage in composite structures.

AR-12-1 No API this
Green fiscal year
Planned Future Performance

For FY 2015: AR-15-5: Demonstrate that aircraft engine diagnostic systems that rely on advanced sensors can detect faults and hazards between maintenance inspections.

For FY 2016: No API this fiscal year

Contributing Theme: Aeronautics | Contributing Program: Transformative Aeronautics Concepts (FY2014: Aviation Safety)

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

No APl this | No APl this | No APl this | No API this [ No API this

For FY2014: Does nottrendto FY 2014. . . . . . None
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: AR-16-7: Mature the safetyriskassessment module as a step towards validating and demonstratingthis assessment module and as part ofadvanced technology
demonstrations.

Contributing Theme: Aeronautics | Contributing Program: Airspace Operations and Safety

Performance Goa 0 0 0 014
Supporttransformation of civil aircraft operations and air traffic management through the development,

application, and validation of advanced autonomy and automation technologies, including addressing 4 4 4 6
critical barriers to future routine access of Unmanned Aircraft Systems (UAS) inthe National Airspace ee e ee ee

System, through the development and maturation of technologies and validation of data.

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Aeronautics | Contributing Program: Multiple Programs
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FY 2014 Performance Results

Integration of Unmanned Aircraft Systems (UAS) into the National Airspace System (NAS) will represent asignificant step in enabling more automation
throughout the NAS. The Integrated Systems Research Program’s UAS-NAS project contributes capabilities that reduce technical barriersrelated to the
safety and operational challenges associated with enabling routine UAS civil access to the NAS. During FY 2014, the UAS-NAS project conducted an
integrated human-in-the-loop simulation as a precursorto a series of flight test campaigns, which will progressively increase the complexity of UAS
integration testing that will occur overthe nexttwo years. The test campaign had three objectives. The first was to evaluate air trafficcontrollers’
acceptance of UAS maneuvers performed in orderto remain “well-clear” of other traffic. The second objective was to examine the effects of advanced
trafficdisplays and tools on the ability of UAS pilots to maintain well clear of traffic. Finally, the test collected performance metrics to determine the
interoperability of the UAS sense-and-avoid algorithms and current-collision-avoidance algorithms. This testing featured use of the project’s operationally
relevant environment called Live Virtual Constructive-Distributed Environment (LVC-DE). For this test campaign, the LVC-DE included a proof-of-concept
UAS ground control station and virtual traffic. UAS pilots and air trafficcontrollers participated as test subjects. This was asignificant step in the
development of findings and data associated with the sense-and-avoid, communications, and human systemintegration performance requirements and
guidelines.

The National Research Council of the National Academies published areporttitled “AutonomyResearch for Civil Aviation: Toward aNew Era of Flight“in
FY 2014 as a result of the Aeronautics Research Mission Directorate’s (ARMD’s) request to convene acommittee to develop a national research agenda for
autonomy incivil aviation. Increasingly autonomous (1A) systems, characterized by theirability to perform more complex mission-related tasks with
substantially less human intervention for more extended periods of time, sometimes at remote distances, are being envisioned foraircraft and air traffic
managementand other ground-based elements of the NAS. The report recommended a national research agendain autonomy, including eight high
priority research projects that should be executed by those in government, industry, and academiawho are involved in the research, development,
manufacture, certification, and regulation of IAtechnologies. In a parallel effortto the National Academies study, ARMD established an inter-center
autonomy study team (ICAST) to assess what technical challengeareas NASA should address. ARMD combined the results of the ICAST effort with the
National Academies study and will use them to further define research efforts related to autonomy in aviation.

Through development and testing, the Aviation Safety Program is addressing key challenges associated with verification and validation methods essential
for meeting the extremely high levels of safety required for flight-critical systems operatinginthe Next Generation Air Transportation System (NextGen).
During FY 2014, the program demonstrated use of one of these advanced software assurance techniques, compositional verification, through testing of an
entire flight control system. Compositional verification enables a system-level software safety assessment by breaking down the systeminto component
parts and examining the safety properties of each of those components. Formal methods such as compositional verification allowfor more
comprehensive and more efficient verification and validation of flight-critical systems.

FY 2009

No API this
fiscal year

Annual Performance Indicator
For FY 2014: Demonstrate use ofanadvanced software technique to verify the safety of a complex
aircraft orground automation software system.

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: Aeronautics | Contributing Program: Aviation Safety

FY2010 | FY2011 | FY2012 | FY2013 | FY2014
10ATO1 AR-11-1 AR-12-2 AR-13-2 AR-14-2
Green Green Green Green Green
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Annual Performance Indicator
For FY 2014: Conducta human-in-the-loop (HiTL)simulation where unmanned aircraft are mixed
with manned aircraft and subjected to a range of test conditions.

Planned Future Performance

For FY 2015: AR-15-7: Deliverdata, analysis, and recommendations based on integrated simulations and flight tests to the RTCA Special Committee on Minimum Operational Pe rformance
Standards (MOPS) for Unmanned Aircraft Systems to support preliminary MOPS development.

For FY 2016: AR-16-8: Deliver data, analysis, and recommendations based on twointegrated flight test serieswith simulated trafficand live ve hiclesto the RTCA Special Committee on
Minimum Operational Performance Standards (MOPS) for Unmanned Aircraft Systems to support development of the final MOPS.

Contributing Theme: Aeronautics I Contributing Program: Integrated Aviation Systems (FY 2014: Integrated Systems Research)

FY 2009
No API this
fiscal year

FY 2010
No API this
fiscal year

| FY2011 | FY2012 | FY2013 | FY2014
No API this (BREPEES AR-13-7 AR-14-8
fiscal year Green Green Green

Annual Performance Indicator

FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

No API this [ No APl this | No APl this | No API this
fiscal year | fiscal year | fiscal year | fiscal year

For FY 2014: Does nottrendto FY 2014. None

Planned Future Performance

For FY 2015: AR-15-6: Implement Automatic Dependent Surveillance-Broadcast Out (ADS-B Out) ca pability on select flight test support aircraft to enable the testing of operational design
solutions that enable safe, efficient growthinglobaloperations.
For FY 2016: No API this fiscal year

Contributing Theme: Aeronautics | Contributing Program: Integrated Aviation Systems

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

No APl this | No APl this | No APl this | No API this [ No API this

For FY2014: Does nottrendto FY 2014. . . . . .
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

None

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: AR-16-9: Complete Unmanned Aircraft Systems Traffic Management initial prototype to e nable safe and efficient low altitude airspace operations and conduct initial tests.
Contributing Theme: Aeronautics | Contributing Program: Airspace Operations and Safety
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Strategic Objective 2.2
Advance knowledge of Earth as a system to meet the challenges of
environmental change, and to improve life on our planet.

Lead Office Goal Leader
Earth Science Division (ESD), Science Mission Directorate (SMD) Dr. Michael Freilich, Director, Earth Science Division

Contributing Programs
Earth Science Research Program, Earth Systematic Missions Program, Earth System Science Pathfinders Program, Earth Science Multi-Mission Operations

Program, Applied Sciences Program, Earth Science Technology Program.

Budget for Strategic Objective 2.2

Actual Enacted Requested Notional
Budget Authority (in S millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $1,825 $1,947 $1,967 $1,988 $2,009 $2,027

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information”sectionin the introduction to Part 3.

Visionfor Successin 10 Years
Furtherunderstanding of the Earth as a systemto meetthe challenges of environmental change, as well as continued improvement of life on this planet.

Update of Progress Toward Strategic Objective
The NASA 2014 Strategic Review found that:
e Appropriate and sufficient strategies are in place to achieve the strategicobjective.
e Risksand challenges have beenidentified and are being addressed appropriately. ESD faces the same challenges as other SMD Divisions, as
outlinedinthe 2014 Science Plan.
e ESD hasidentified andis taking advantage of arange of opportunities.

FY 2014 achievementsincluded the following:
e Thelaunch of the Global Precipitation Measurement (GPM) mission.
e Thelaunch of the Orbiting Carbon Observatory (OCO)-2 mission.
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e Completedthe Preliminary Design Reviews forthe Cyclone Global Navigation Satellite System (CYGNSS) and Gravity Recovery and Climate
Experiment (GRACE) Follow-On missions.

e Completedthe Soil Moisture Active Passive (SMAP) Instrument Thermal Vacuum Test.

e ConductKey Decision Point (KDP)-Bs for Tropospheric Emissions: Monitoring of Pollution (TEMPO) and Surface Water Ocean Topography (SWOT).

e Conductthe Sustainable Land Imaging Architecture Study.

e Highlighted achievements during FY 2014 are detailed inthe NASA FY 2014 Agency Financial Report.

Next Steps

NASA has instituted several process improvements designed to achieve greaterinsightinto project performance, including contractor cost performance.
Specifically, NASA has enhanced project formulation by clarifying expected project maturities, instituting Formulation Agreements, implementing Joint
Confidence Levels, establishing tools to provide schedule health checks, and requiring the use of Earned Value Management on projects with alifecycle
cost estimate greaterthan $20 million, including in-house development work.

Additional details on the strategies forthis strategicobjective can be foundinthe NASA 2014 Strategic Plan. Additional information on strategies,
challenges, implementation, and program-specificdetail is availablein the NASA 2014 Science Plan, as well as the 2010 report, “Respondingto the
Challenge of Climateand Environmental Change.” ESDis pursuing several opportunities to mitigate oraddress challenges, such as developingnew and
innovative ways of making Earth observations viathe Earth Venture solicitations, utilizing the International Space Station (ISS) as a platform for
observations, and continuing to make technology investments through the Earth Science Technology Program.

NextSteps inFY 2015
e PreparetolaunchSMAP in FY 2015.
e Continue development of the Stratospheric Aerosol and Gas Experiment (SAGE)-III.
e SelectEarthVenture Instrument (EVI)-2and Earth Venture Sub-Orbital (EVS)-2investigations.
e Release Announcements of Opportunity forthe third Earth Venture Instrument (EVI-3) and the second Earth Venture small Mission (EVM-2).
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FY 2014 Performance Measures

Strategic Objective 2.2: Advance knowledge of Earth as a system to meet the challenges of environmental change, and to improve life on our planet.

Performance Goal
2.2.1: Demonstrate
progressin advancing
the understanding of
changesin Earth’s
radiationbalance, air
quality,and the ozone
layer that result from
changesin atmospheric
composition.

Performance Goal
2.2.2: Demonstrate
progressin improving
the capability to
predict weatherand
extreme weather
events.

Performance Goal
2.2.3: Demonstrate
progressin detecting
and predicting changes
in Earth’s ecosystems
and biogeochemical
cycles,including land
cover, biodiversity, and
the global carbon cycle.

Performance Goal
2.2.4: Demonstrate
progressin enabling
better assessment and
management of water
quality and quantity to
accurately predict how
the globalwater cycle
evolves in response to
climate change.

Performance Goal
2.2.5: Demonstrate
progressin improving
the abilityto predict
climate changes by
better understanding
therolesand
interactions of the
ocean, atmosphere,
land, andiceinthe
climate system.

Performance Goal
2.2.6: Demonstrate
progressin
characterizing the
dynamics of Earth’s
surface andinterior,
improving the
capability toassess and
respond tonatural
hazards and extreme
events.

Performance Goal
2.2.7: Furthertheuse
of Earth system science
researchto inform
decisionsand provide
benefits to society.

Performance Goal
2.2.8: By December
2017, launch at least
five missionsin support
of Strategic Objective
2.2.

Annual Performance Indicators

e ES-14-1: Demonstrate
plannedprogressin
advancing the
understanding of
changesin Earth’s
radiationbalance, air
quality,and the ozone
layer that result from
changesin
atmospheric
composition.

e ES-14-3: Demonstrate
plannedprogressin
improving the
capability topredict
weatherand extreme
weatherevents.

e ES-14-6: Demonstrate
plannedprogressin
detectingand
predicting changes in
Earth’s ecosystems
and biogeochemical
cycles,including land
cover, biodiversity,
and the global carbon
cycle.

e ES-14-7: Demonstrate
plannedprogressin
enabling better
assessmentand
management of water
quality and quantity
to accuratelypredict
how the global water
cycle evolves in
response toclimate
change.

e ES-14-9: Demonstrate
plannedprogressin
improving the ability
to predictclimate
changes by better
understanding the
roles and interactions
ofthe ocean,
atmosphere, land,
andice intheclimate
system.

e ES-14-11:
Demonstrate planned
progressin
characterizingthe
dynamics of Earth’s
surface andinterior,
improving the
capability toassess
andrespondto
naturalhazardsand
extreme events.

e [ES-14-12: Advance at
least 25 percent of
decision-support
projectsone
Applications
Readiness Level.

e ES-14-14: Maintain a
high level of customer
satisfaction, as
measured by
exceeding the most
recently available
Federalgovemment
averagerating of the
Customer Satisfaction
Index.

e ES-14-10: Deliver the
Ice, Cloud,and Land
Elevation Satellite
(ICESat)-2 flight
lasers.

e ES-14-18:Complete
the Gravity Recovery
and Climate
Experiment (GRACE)
Follow-On mission
Preliminary Design
Review (PDR).

e ES-14-2:Complete
the Orbiting Carbon
Observatory (OCO)-2
observatory testing.

e ES-14-4:Launch the
Global Precipitation
Measurement (GPM)
mission.

e ES-14-5:Complete
Cyclone Global
Navigation Satellite
System (CYGNSS/EV-
2) Preliminary Design
Review (PDR).

e [ES-14-8: Complete
Soil Moisture Active
Passive (SMAP)
Instrument Thermal
Vacuum Test.
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Performance Goal Ratings for Strategic Objective 2.2, FY 2011 through FY 2014
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Pastfiscal years do notinclude performance measures that do not trend to the currentfiscal yearannual performance indicators.
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0 d e of 0 0 0 D14

Demonstrate progressinadvancing the understanding of changesin Earth’s radiation balance, air quality,
and the ozone layerthatresultfrom changesin atmosphericcomposition. ee ee ee ee

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Earth Science Subcommittee of the NASA Advisory Council Science Committee determined in October 2014 that NASA remained on trackinits annual
performance towards the achievement of this performance goal. Below are examples of the scientific progress reported in FY 2014.

In the past year, NASA researchers and partners completed aseries of field studies aimed at providing an unprecedented view of air pollution. DISCOVER-
AQ, or Deriving Information on Surface Conditions from Column and Vertically Resolved Observations Relevant to Air Quality, targets the information
neededtoimprove use of satellite observations to diagnose near-surface air quality. The most recent study was performed overthe Denver/Northern
Front Range region of Colorado duringJuly through August 2014.

The Carbon in Arctic Reservoirs Vulnerability Experiment (CARVE) flewits 500th science flight hour during May 2014, successfully completingits Baseline
Science Investigation Requirements, quantifying correlations between atmospheric concentrations of carbon dioxide and methane with surface-
atmosphere carbon fluxes and surface state control variables (soilmoisture, freeze-thaw state, inundation state, surface soiltemperature) and elucidating
the sensitivities of Arcticcarbon cycle processes to climate change.

Studies quantifying the emissions of atmospherictrace gases and reconciling top-down and bottom-up approaches were afocus of research.
Stratospheric-Troposphere Processes and their Role in Climate (SPARC), a core project of the World Climate Research Programme, released theirrecently
completed report, “Lifetimes of Stratospheric Ozone-Depleting Substances, Their Replacements, and Related Species,” in March 2014.

Researchers studied the quantification of tropical emissions of methane from fires using tropospheric methaneand carbon monoxidedatafromthe Aura
Tropospheric Emission Spectrometer (TES), and new carbon monoxide profile measurements from the Terra satellite Measurements of Pollutionin the
Troposphere (MOPITT) instrument, together with the Goddard Earth Observing System (GEOS)-Chem model, to estimate methane emissions fromfiresin
Indonesia. The El Nifio related Indonesian fires increased the tropical distribution of atmospheric methanerelative to 2005, indicating that tropical
biomass burning can compensate forexpected decreases in tropical wetland methane emissions from reduced rainfall during El Nifio, as found in previous
studies.

Research showed that stratosphericwatervaporvariations play animportantrole in the evolution of Earth’s climate. Analysis of Aura Microwave Limb
Sounderobservations showed that stratosphericwatervaporincreased with tropospherictemperature, implying the existence of astratosphericwater
vapor feedback. The authors estimated that the strength of this feedback in a chemistry—climate modelwould be asignificant contributor to overall
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climate sensitivity. One-third of this feedback comes fromincreasesin watervapor entering the stratosphere through the tropical tropopause layer, with
the rest comingfromincreasesin watervaporenteringthrough the extratropical tropopause.

Thirty years since the discovery of the Antarcticozone hole and 27 years afterthe signing of the Montreal Protocol on Substances that Deplete the Ozone
Layer, a review of the scientificunderstanding of the ozone hole and understanding of the polaratmosphere was published. It found that the worldwide
response to the discovery was fast, butthe recoveryin ozone is slow. Ground and satellite observations show that chlorine levelsin the troposphere and
stratosphere are decreasingand model projections suggest that the ozone will return to 1980 levels sometime between 2050 and 2070.

Annual Performance Indicator | Fy2009 | Fv2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Demonstrate planned progress inadvancing the understanding ofchanges in Earth’s
radiation balance, air quality, and the ozone layer that result from changes in atmospheric
composition.

Planned Future Performance

For FY 2015: ES-15-1: Demonstrate planned progress inadvancing the understanding of changes in Earth’s radiation balance, air quality, and the ozone layer that result from changesin
atmospheric composition.

For FY 2016: ES-16-1: Demonstrate planned progress inadvancing the understanding of changes in Earth’s radiation balance, air quality, and the ozone layer that result from changesin
atmospheric composition.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs

9ES1 10ESO1 ES-11-1 ES-12-1 ES-13-1 ES-14-1
Green Green Green Green Green Green

0 d 2 03 0 0 0 014

Demonstrate progressinimproving the capability to predict weather and extreme weather events.

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Earth Science | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Earth Science Subcommittee of the NASA Advisory Council Science Committee determined in October 2014 that NASA remained on trackinits annual
performance towards the achievement of this performance goal. Below are examples of the scientific progress reported in FY 2014.

Afternearly 17 yearsin space, the Tropical Rainfall Measuring Mission (TRMM) is almost out of fuel, butit will continueto operate asitslowly descends
toward Earth’s surface. TRMM’s long-term precipitation datasets are vital forimproving weather forecasting models and detecting hurricanes, tornadoes,
and extremesin precipitation patterns. In 2014, NASA scientists developed a prototype online extreme precipitation monitoring system, demonstrated a
strongrelationship between changesin global rainfall patterns and the Hadley cell, characterized the precipitation features and annual rainfall patternsin
the Central Andes, and updated the oceanic precipitation rate and its zonal distribution.
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A modeling study developed a coupled land surface and routing model and real-time global flood estimation tool using TRMM precipitation data. Awidely
used land surface model, the Variable Infiltration Capacity (VIC) model, was coupled with anewly developed hierarchical dominantrivertracing-based
runoff-routing model to form the Dominant river tracing-Routing Integrated with VIC Environment (DRIVE) model. DRIVE serves as the new core of the
real-time Global Flood Monitoring System (GFMS). The GFMS uses real-time satellite-based precipitation to derive flood-monitoring parameters forthe
latitude band between the 50th parallel north and 50th parallel south ata relatively high spatial (approximate to 12 kilometers) and temporal (three-
hourly) resolution.

At the NASA Short-term Prediction Research and Transition (SPoRT) center, extensive progress was made to transition new, cutting-edge satellite datasets
and products from the suite of instruments on the Suomi-National Polar-orbiting Partnership satellite and precipitation estimates in data void regions
from the Global Precipitation Measurement (GPM) mission. The number of operational weather entities using data from NASA research instruments has
grown substantially,and includes national forecast centers for hurricanes and continentaland marine weather prediction, as well as disaster response
agencies usingimagery and power outage products to assistin the assessment of and monitoring the recovery from devastating tropical storms and
tornadoes.

The NASA GPM mission Integrated Precipitation and Hydrology Experiment (IPHEXx) took place in the Appalachian Mountains of southwestern North
Carolinafrom May 1 to June 15, 2014. GPM IPHEx partnersincluded Duke University and the National Oceanicand Atmospheric Administration
Hydrometeorological Testbed. Overarching campaign objectives included the improvement of satellite-based remote sensing algorithms of clouds and
precipitation over mountainous terrain, and evaluation and further development of associated data products for use in hydrologicapplications, such as
flood prediction. To achieve these objectives, an extensive set of airborne and ground-based instruments were deployed and operated under occasional
overpasses of GPM constellation satellite platforms.

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Demonstrate planned progress inimproving the capability to predict weatherand 9ES7 10ES04 ES-11-5 ES-12-4 ES-13-3 ES-14-3
extreme weather events. Green Green Green Green Green Green

Planned Future Performance

For FY 2015: ES-15-2: Demonstrate planned progress inimproving the capability to predict weather and extre me weather events.

For FY 2016: ES-16-2: Demonstrate planned progress inimproving the capability to predict weather and extre me weather events.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs

0 d e of 0 U U 014

Demonstrate progressin detectingand predictingchangesin Earth’s ecosystems and biogeochemical
cycles, includingland cover, biodiversity,and the global carbon cycle. ee e ee ee

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs
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FY 2014 Performance Results
The Earth Science Subcommittee of the NASA Advisory Council Science Committee determined in October 2014 that NASA remained on trackinits annual
performance towards the achievement of this performance goal. Below are examples of the scientific progress reported in FY 2014.

Research publishedin Science used Landsat satellite data to map global forest loss and gain from 2000 to 2012. Results from time-series analysis of over
650,000 Landsatimages showed the tropics asthe only climaticdomain to exhibitatrend of increasing forestloss. Brazil’s well-documented reductionin
deforestation was offset by increasing forest losses in Indonesia, Malaysia, Paraguay, Bolivia, Zambia, Angola, and elsewhere. The intensive forestry and
logging practiced within subtropical forests resulted in the highest rates of forest change globally. Boreal forestloss, due largely to fire and forest harvest,
was second tothat in the tropicsinabsolute and proportional terms. These results depict, forthe first time, aglobally consistent and locally relevant
record of forest change at the landscape scale.

Discoveries made duringthe 2011-2012 Impacts of Climate on the EcoSystems and Chemistry of the Arctic Pacific Environment (ICESCAPE) field campaign
were documentedina2014 special issue of Deep-Sea Research Il. Blooms of phytoplankton (microscopic marine plants) beneath the ice were observed to
extend fromthe sea-ice edge to 72 milesinto the ice pack. During the campaign, scientists punched through three-foot-thick seaice tofind watersricher
inthese phytoplanktonthan any otheroceanregion on Earth. Researchers have estimated that phytoplankton production underthe ice in parts of the
Arctic could be up to 10 times higherthanin the nearby open ocean. Fast-growing phytoplankton consumelarge amounts of carbon dioxide. The papersin
the special issue explore the potential mechanisms and causes of the bloom, and conclude that scientists will have to reassess the amount of carbon
dioxide enteringthe ArcticOcean through biological activity if the under-ice blooms turn out to be common. The finding reveals anew consequence of the
Arctic’s warming climate and provides animportant clue to understanding the impacts of a changing climate and environment on the ArcticOcean andits
ecology.

Urban ecosystems are receiving growing attention, both as settings for majorland coverand land use change impacts, aswell as for theirrole in global
carbon emissions. Coastal cities are also of great interest with respect to the impacts of sea level rise and extreme hydrological events. A variety of
findings have beenreported. ANASA project on mega-urban changes and impacts reported that traditional approaches using satellite optical and spectral
sensors may have underestimated the urbanization of Beijing and other megacities in China. This group found SeaWinds scatterometer data helpful for
evaluating changesin urban systems, including arecent study of groundwatervulnerability that makes use of relationships between land use changes and
groundwater contamination.

Research under NASA’s Carbon Monitoring System (CMS) program continued to focus on using satellite and airborne remote sensing capabilities to
prototype key data productsto meet U.S. carbon monitoring, reporting, and verification needs. The CMS project developed one of the mostadvanced
carbon data assimilation systemsinthe world thatintegrates satellite and surface observations related to anthropogenic, oceanic, terrestrial, and
atmosphericcarbon. Inthe past year, new CMS studies have gotten underway using commercial off-the-shelfairborne measurement methodologiesin
support of international Reducing Emissions from Deforestation and forest Degradation (REDD), and REDD+ projects in Indonesia, Mexico, Peru, and
Brazil, as well as carbon sequestration, management, and state-level mapping projects within the United States.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Demonstrate progress in detectingand predictingchangesin Earth’secosystemsand 9ES10 ‘ 10ESO7 ‘ ES-11-7 ‘ ES-12-6 ‘ ES-13-5 ‘ ES-14-6

biogeochemical cycles, includingland cover, biodiversity, and the global carbon cycle. Green Green Green Green Green Green

Planned Future Performance
For FY 2015: ES-15-3: Demonstrate progress in detectingand predictingchanges in Earth’s ecosystems and biogeochemical cycles, includingland cover, biodiversity, and the global carbon

cycle.

For FY 2016: ES-16-3: Demonstrate progress in detectingand predictingchanges in Earth’s ecosystems and biogeochemical cycles, includingland cover, biodiversity, and the global carbon
cycle.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs

Perfto 3 2 o [ 0 U 014
Demonstrate progressin enabling better assessment and management of water quality and quantity to 4 4 / 4

accurately predict how the global watercycle evolvesinresponse to climate change. ee ee ee ee
Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Earth Science Subcommittee of the NASA Advisory Council Science Committee determined in October 2014 that NASA remained on trackinits annual
performance towards the achievement of this performance goal. Below are examples of the scientific progress reported in FY 2014.

NASA’s waterand energy cycle focus area has continued to enable better assessment and management of water quality and quantity to accurately predict
how the global water cycle evolvesin responseto climate change. The NASA Energy and Water cycle Study (NEWS) produced an accounting of the water
cycle usingthe latest assessment of various water budget terms. This study was able to close the annual global budget, including transfers between land
and ocean basins, withlessthan a 10 percent waterresidual. On a more granular basis (monthly orindividual continents), the uncertainties were larger,
roughly 20 percent. Unlike most previous attempts at this exercise, NEWS relied primarily on satellite observations and furtherimproved the resolution of
the water budget, both temporally (monthly instead of annual) and spatially (continental and oceanicbasins).

Within the water budget, one of the main sources of uncertainty is the flux of waterfromthe ocean surface to the atmosphere. NASAinvestigators have
workedtogether with the Sea Flux projectto make numerous advances. Thisyear’s work has helped extend Sea Flux datasets back to 1987. One advance
thisyearhas beenthe identification and correction of a problem with the Earth incidence angle corrections appliedto different satellite datasets, reducing
errorsand creatinga more consistentlong-term datarecord of evaporation rates. Anotherachievement of NASA researchersis creating the ocean
evaporation product with athree-hourtemporal resolution. This has enabled betterinspection of the diurnal cycle and opened new areas of investigation
to improve understanding of this process.

A recentstudy demonstrated the power of satellite observations for regions withoutin situ measurements by using Landsat thematic mapperimages over
three differentriversto achieve estimates within 20to 30 percent of river gage estimates. Consistent with Surface Water Ocean Topography (SWOT)
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mission’s planned instrumentation, research developed an algorithm to solve the shallow water equations to estimate river water surface elevation and
slope. The algorithm was tested for the River Severn and for known inflow and provided relatively accurate discharge (10 percent root-mean-squareerror,
or RMSE, which calculates differences between the value predicted by amodel and the observed value). Forunknown inflows, RMSE increased to

36 percent. This algorithm’s performance could be improved with known river parameters (e.g., bathymetry and roughness). NASA scientists combined
satellite altimetricobservations and land surface modeling to estimate discharge at 475 virtual stationsin the Amazon. They tested approaches usinga
subset of these stationstoinform the modeling system to get estimates of discharge at the othervirtual stations. This work provides evidence that the
SWOT discharge algorithm may resultin better estimates of river discharge when combined with land-surface modeling than either piece independently.

Studies of extreme events have led to progress in the assessment of how the global water cycle evolvesin responseto climate change. NEWS initiated
innovative integration projects focused on the role of cloudsin the climate system, the origins and dynamics of the 2012 midwestern drought, and the
2002 global climate shift. Asan example, two studies have traced back the role of the land surface in drought and differentiated this from larger-scale
patterns. These two studies are able to point to alternative monthly leading indicators for possible drought onset, as well as areas of study that might
improve droughtforecasting.

Annual Performance Indicator | FY2009 | Fy2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Demonstrate planned progress in enablingbetter assessment and management of
water quality and quantity to accurately predict how the global water cycle evolves inresponse to
climate change.

9ES13 10ES09 ES-11-9 ES-12-8 ES-13-7 ES-14-7
Green Green Green Green Green Green

Planned Future Performance

For FY 2015: ES-15-4: Demonstrate planned progress in enabling better assessment and management of water quality and quantity to accurately predicthowthe globalwater cycle
evolvesinresponse to climate change.

For FY 2016: ES-16-4: Demonstrate planned progress in enabling better assessment and management of water quality and quantity to accurately predict howthe globalwater cycle
evolvesinresponse to climate change.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs

Annual Performance Indicator | FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

No APl this | No APl this | No APl this | No API this [ No API this
For FY 2014: Does nottrendto FY 2014. None

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: ES-15-5: Complete Aquarius mission success criteria.

For FY 2016: No API this fiscal year

Contributing Theme: Earth Science | Contributing Program: Earth SystemScience Pathfinder
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Does not trend to FY 2014. No APl this | No APl this [ No APl this | No APl this | No API this None

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: ES-16-6: Complete Soil Moisture Active Passive (SMAP) mission s uccesscriteria.

Contributing Theme: Earth Science | Contributing Program: Earth Systematic Missions

0 d e of 0 U U 014

Demonstrate progressinimproving the ability to predict climate changes by better understanding the roles
and interactions of the ocean, atmosphere, land, and ice in the climate system. ee ee ee ee

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Earth Science Subcommittee of the NASA Advisory Council Science Committee determined in October 2014 that NASA remained on trackinits annual
performance towards the achievement of this performance goal. Below are examples of the scientific progress reported in FY 2014.

The largest uncertainty in projections of future sea-level change results from the potentially changingice discharge from Antarctica. Basal ice-shelf melting
induced by a warming ocean has been identified as amajor cause foradditional ice flow across the groundingline, which is the boundary between the
floatingice shelfandthe ice resting on bedrock. NASA-funded investigators estimated the uncertainty range of future ice discharge from Antarctica by
combining uncertainty inthe climaticforcing, the oceanicresponse, and the ice-sheet model response. The resulting uncertainty range forthe historic
Antarcticcontributionto global sea-level rise from 1992 to 2011 agreed with the observed contribution for this period.

Ice shelves play key roles in stabilizing Antarctica’s ice sheets, maintainingits high albedo and returning freshwater to the Southern Ocean. Improved
datasets of ice shelf draft and underlying bathymetry are important forassessing ocean—ice interactions and modelingice responseto climate change. The
long, narrow Abbot Ice Shelf, south of Thurston Island, produces alarge volume of meltwater, butis close to beingin overall mass balance. Whilethe ice
shelfis presentlyinequilibrium, recent work indicates sensitivity to changesin characteristics of the ocean surface and deep waters.

Mass loss from the Greenland ice sheet contributes significantly to present sealevel rise. High meltwater runoff is responsible for half of Greenland’s mass
loss. Surface melthas been spreading and intensifyingin Greenland, with the highest ever surface areameltand runoff recorded in 2012. How surface
meltwater reaches the ocean, and how fastitdoes so, however, is poorly understood. The bed topography beneath the Greenland ice sheet controls the
flow of ice and its discharge into the ocean. Outlet glaciers move through aset of narrow valleys. The detailed geometry of these valleysis poorly known,
especially alongthe southern coasts. As aresult, the contribution of the Greenlandice sheetand its glaciers to sea-level change inthe coming centuryis
uncertain. Recentwork has inferredice thickness and bed topography alongthe entire periphery of the Greenlandice sheetatan unprecedented level of
spatial detail and precision. They detected widespread ice-covered valleys that extend significantly deeper belowsea level and fartherinland than
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previously thought. Theirfindings imply that the outletglaciers of Greenland, and the ice sheetas a whole, are probably more vulnerableto ocean
thermal forcingand peripheral thinning than inferred previously.

Duringthe past year the NASA Ocean Biogeochemical Model was completely integrated into the Goddard Earth Observing System (GEOS)-5modeling
system, providing arepresentation of ocean biology in acoupled ocean framework. This will allow expanded investigations of feedbacks between ocean
biology and the physical Earth system. Added to the modeling system was the GEOS-Chem grid-independent chemical transport model (CTM). This
addition creates astrong link between the GEOS-Chem chemical transport model, which is developed and maintained at Harvard University, and the
Goddard Modelingand Assimilation Office at the Goddard Space Flight Center. The advantage of such an arrangementis thatit allows forrapid
synchronization of code developments pioneered at Harvard into the GEOS-5 system, providing benefits forall users. In addition, anew component was
added to the system on emissions.

Annual Performance Indicator | FY2009 | FYy2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Demonstrate planned progress inimproving the ability to predict climate changes by
betterunderstanding the roles andinteractions ofthe ocean, atmosphere, land, andicein the
climate system.

Planned Future Performance

For FY 2015: ES-15-7: Demonstrate planned progress inimproving the ability to predict climate changes by better understandingthe roles and interactions of the ocean, atmosphere,
land,andiceinthe climate system.

9ES15 10ES11 ES-11-11 ES-12-10 ES-13-9 ES-14-9
Green Green Green Green Green Green

For FY 2016: ES-16-7: Demonstrate planned progress inimproving the ability to predict climate changes by better understandingthe roles and interactions of the ocean, atmosphere,
land,andiceinthe climate system.

Contributing Theme: Earth Science I Contributing Program: Multiple Programs

Performance Goa 0 0 0 D14
Demonstrate progressin characterizing the dynamics of Earth’s surface and interior, improving the 6 6 6 6
capability to assess and respond to natural hazards and extreme events. ee e ee ee
Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs

FY 2014 Performance Results
The Earth Science Subcommittee of the NASA Advisory Council Science Committee determined in October 2014 that NASA remained on trackinits annual
performance towards the achievement of this performance goal. Below are examples of the scientific progress reported in FY 2014.

NASA’s Space Geodesy project completed a site selection study for the deployment of new multi-technique core geodeticobservatories: McDonald
Observatoryin Texas was selected forthe western U.S. site; and NASA’s Kokee Park Geophysical Observatory on Kauai and the Haleakala Observatory on
Maui were selected forthe Pacificstations, expected to be operational in 2017. At its most basic, geodesy is the science of where things are on Earth, as
determined using techniques such as Global Positioning System (GPS)imaging. The International Earth Rotation and Reference Systems Service certified
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the Jet Propulsion Laboratory as an International Terrestrial Reference Combination Center, one of only three worldwide and the only one in the United
States.

The Advanced Rapid Imaging and Analysis (ARIA) projectis ajointJet Propulsion Laboratory—California Institute of Technology effort to automate
syntheticaperture radar (SAR) and GPS imaging capabilities toimprove scientificunderstanding of and the response to natural hazards. Throughiits
collaboration with the Italian Space Agency (ASI), the ARIA teamisimplementingits cloud-enabled SAR analysis data system using COSMO-Skymed (CSK)
X-band SAR data. The collaboration and data access agreements with ASl enabled the ARIA teamto provide a nearreal time damage proxy map for
Typhoon Haiyan, the storm that devastated the Philippinesin November 2013; and a flood map for areas of Sardinia hard hit by Cyclone Cleopatra. One of
the largest earthquake responseactivitiesin the last year was forthe magnitude 6.0 South Napa earthquake on August 24, 2014, where the team
provided GPS measurements of the coseismic deformation within two days and a coseismicinterferogram within four days afterthe earthquake. Afterits
release, field teams used the CSK coseismicinterferogram immediately to identify additional surface ruptures.

The Uninhabited Aerial Vehicle (UAV) SAR project was called to aid rapid response efforts shortly after the magnitude 6.0 South Napa earthquake in
determining faulting and assessing damage to levees and aqueducts. The project was able to rapidly initiate the data processing so that Repeat-Pass
Interferometric (RP1) browseimages were delivered of all flown flight lines within 48 hours post-flight and began delivering refined interferometric
products withinfour days post-flight. With browse data, the project was able to provide information to the California Department of Water Resources
about crustal deformation alongthe San Pablo Bay shoreline quickly in support of theirleveeresponse activities and to the U.S. Geological Survey to direct
theirground survey crews. The UAVSAR images showed slip details around the epicenter of the quake in areas where the X-band CSK datareleased earlier
inthe week were unusable. The results agreed with ground surveys of movement on the main fault and provided more comprehensive information about
the movementthat occurred across the region.

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Demonstrate planned progress in characterizingthe dynamics of Earth’s surface and 9ES17 10ES13 ES-11-15 ES-12-14 ES-13-11 ES-14-11
interior, improving the capability to assessand respond to natural hazards and extreme events. Green Green Green Green Green Green

Planned Future Performance

For FY 2015: ES-15-8: Demonstrate planned progress in characterizing the dynamics of Earth’s surface andinterior, improving the capability to assessand respondto natural hazards and
extreme events.

For FY 2016: ES-16-8: Demonstrate planned progress in characterizing the dynamics of Earth’s surface andinterior, improving the capability to assessand respondto natural hazards and
extreme events.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs

0 3 2 o} [ 0 U 014

Furtherthe use of Earth system science research toinform decisions and provide benefitsto society.

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs
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FY 2014 Performance Results

NASA’s Applied Sciences Program (ASP) enables innovative and practical uses of Earth observations by businesses, governments, and nonprofitstoinform
theirdecisions and actions. The enhanced decision-making made possible by ASP projectsimproves quality of life and strengthens the economy. Following
are some examples from FY 2014:

e The U.S. Environmental Protection Agency integrated Aura, Aqua, and Terrasatellite datainto the AirNow air-quality system, which health officials
use to alertthe publicabout hazardous pollution.

e Aprojectwiththe National Marine Fisheries Service applied Jason-2, Aqua, and other satellite data of sea surface height, temperature, and
chlorophyll to reduce the number of collisions between whales and ships.

e The California Department of Water Resources applied Moderate Resolution Imaging Spectroradiometer (MODIS), Visible Infrared Imaging
RadiometerSuite (VIIRS), and Terrestrial Observation and Prediction System (TOPS) products inirrigation management trials for crops, decreasing
total applied water fortested crops by over 30 percentrelative to standard practice.

e The National Oceanicand AtmosphericAdministration used MODIS data to monitorand assess the intensity of harmfulalgal bloomsin Lake Erie,
assisting the State of Ohio and the City of Toledo in the issuance of urgent do-not-drink water notices.

e AvresearchsensorthatNASAtransferredtothe U.S. Forest Service made its debutin wildfire operations.

In addition, NASA used the vantage point of space to support the response to numerous national and international disasters:
e NASAsupportedthe international response to Typhoon Haiyan in Southeast Asia, providinginformation products on rainfall, power outages, and
building damage assessments derived from satellite data.
e NASAprovideddatafromthe Suomi National Polar-orbiting Partnership (NPP), Terra, Aqua, Tropical Rainfall Measuring Mission (TRMM), and
othersatellites for numerous wildfires, floods, earthquakes, volcanicash, landslides, tornadoes, and other disasters.
e IntheSERVIR program (managed jointly with the U.S. Agency for International Development), a project enabled the application of Jason-2 datato
improve aflood forecasting systemin Bangladesh; the Institute of Water Modellingin Bangladesh extended its forecasts from three to eight days.

Of the 41 projects tracked, ASP advanced 24 projects, or 59 percent, atleast one application readiness level, anindexis used totrack the maturity level of
projects, from basicresearch through development, transition and operational deployment.

The DEVELOP program, an endeavorforyoung professionals to apply Earth science data, included over 350 people in 81 projects, and itintroduced anew
track to involve military veteransin projects. Applied Sciences’ training endeavor on remote sensing for professionals held its first-ever course on
ecosystems and land managementand conducted numerous training programs, reaching hundreds of peopleinthe United States and globally.

ASP also engaged the applications community in planning for upcoming satellites. Together with the Centers for Disease Control and Prevention, the Soil
Moisture Active Passive (SMAP) mission held aworkshop on publichealth, disease exposure, and future applications of SMAP data. The Ice, Cloud, and
Land Elevation Satellite (ICESat)-2team held ajoint vegetation tutorial with Landsat 8, as well as a seaice applications meeting with the Naval Research
Laboratory.
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Finally, ASP continued its efforts to communicate the potential applications of Earth observations forsocietal and economicbenefits. ASP received a Gold
Hermes Creative Award from the Association of Marketing and Communication Professionals, and the host of the SERVIR Hub in Kathmandu received the
Esri Special Achievementin GIS (geographicinformation system) awardin 2014.

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Advance atleast 25 percent of decision-support projects one Applications Readiness ‘ 9ES18 ‘ 10ES14 ‘ ES-11-16 ‘ ES-12-15 ‘ ES-13-12 ‘ ES-14-12

Level. Green Green Green Green Green Green
Planned Future Performance

For FY 2015: ES-15-9: Advance atleast 25 percent of decision-support projects one Applications Readiness Level.

For FY 2016: ES-16-9: Advance atleast 35 percent of Earth science a pplications projects one Applications Readiness Level.

Contributing Theme: Earth Science | Contributing Program: Applied Sciences

Annual Performance Indicator | Fy2009 | Fvy2010 | Fvy2011 | FY2012 | FY2013 | FY2014
For FY 2014: Maintain a high level of customer satisfaction, as measured by exceeding the most 9ES20 10ES16 ES-11-18 ES-12-17 ES-13-14 ES-14-14
recentlyavailable Federal government average rating of the Customer Satisfaction Index. ‘ Green ‘ Green ‘ Green ‘ Green ‘ Green ‘ Green
Planned Future Performance

For FY 2015: ES-15-10: Maintain a high level of customer satisfaction, as measured by exceeding the most recently available Federal government average rating ofthe American Customer
Satisfaction Index.

For FY 2016: ES-16-10: Maintain a high level of customer satisfaction, as measured by exceeding the most recently available Federal government average rating ofthe American Customer
Satisfaction Index.

Contributing Theme: Earth Science | Contributing Program: Earth Science Multi-Mission Operations

Darformance Goa 0 0 0 014
No PG No PG No PG

. Lo . - this this this 3

By December 2017, launch at least five missionsin support of Strategic Objective 2.2. . . .
fiscal fiscal fiscal ee
year year year

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Earth Science | Contributing Program: Multiple Programs

FY 2014 Performance Results
In FY 2014, NASA remained ontargettoachieve this performance goal by launching two missions that support Strategic Objective 2.2:

e NASAandthe Japanese Aerospace Exploration Agency (JAXA) launched the Global Precipitation Measurement (GPM) mission on February 27,
2014. GPMiis an international satellite mission to provide next-generation observations of rain and snow worldwide every three hours. The GPM
mission will help advance the understanding of Earth’s waterand energy cycles and improve the forecasting of extreme events that cause natural
disasters.
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e NASAlaunchedthe Orbiting Carbon Observatory (OCO)-2onJuly 2, 2014. OCO-2 will collect the first space-based measurements of atmospheric
carbon dioxide with the precision, resolution, and coverage needed to characterize its sources and sinks and quantify theirvariability over the
seasonal cycle. OCO-2 measurements will help scientists to understand the sources of carbon dioxide emissions and how they are changing over
time, and to construct better models to predict how much carbon dioxide sinks will be able to absorbin the future.

In addition, NASAison schedulewithits plans tolaunch three more missionsthat willsupport this performance goal:

e The Soil Moisture Active Passive (SMAP) mission, scheduled forlaunchin FY 2015, will provide global measurements of soil moisture and
freeze/thawapproximately every three days, which can be used to develop improved flood prediction and drought monitoring capabilities, among
otherpotential applications. In December 2013, NASA completed athermal vacuum test of the SMAP instrument to qualify it foroperationin
space. The thermal vacuum chambersimulated the temperatureand pressure environment the instrument willencounterin space.

e The Cyclone Global Navigation Satellite System (CYGNSS) mission, scheduled forlaunch in FY 2016, will make frequentand accurate
measurements of ocean surface winds throughout the life cycle of tropical storms and hurricanes, with the goal of improving hurricane
forecasting. InJanuary 2014, NASA completed the Preliminary Design Review (PDR)for CYGNSS. The PDR ensures thatthe designs and systems
selected are appropriate to the program’s needs, that the risks have been assessed, and that the estimated cost and schedule baselines are
acceptable.

e The Gravity Recovery and Climate Experiment (GRACE) Follow-On mission, scheduled forlaunch in FY 2017, is a partnership between NASA and
the German Research Centre for Geosciences, and will measurevariations in gravity over Earth’s surface, producing anew map of the gravity field
every 30 days. InJanuary 2014, NASA completed the PDR forthe GRACE Follow-On mission.

Annual Performance Indicator | Fy2009 | Fv2010 | FY2011 | FY2012 | FY2013 | FY2014

9ES16 10ES12 ES-11-14 ES-12-13 ES-13-10 ES-14-10

For FY 2014: Deliverthelce, Cloud, and Land Elevation Satellite (1CESat)-2 flight | asers.
Yellow Green Yellow Yellow Yellow Yellow

Planned Future Performance

For FY 2015: ES-15-13: Complete thelce, Cloud, and Land Elevation Satellite (ICESat)-2 Spacecraft Readiness for Integration Review.

For FY 2016: ES-16-13: Completelce, Cloud, and Land Elevation Satellite-2 (ICESat-2) Mission Operations Center (MOC) final release.

Contributing Theme: Earth Science | Contributing Program: Earth Systematic Missions

Explanation of Rating

From spring 2013 through spring 2014, the Ice, Cloud, and Land Elevation Satellite (ICESat)-2 project conducted a thorough, end-to-end reassessment of
all the instrumentand mission systems and subsystems, while at the same time continuing to make critical design and developmental progress on those
systems. ICESat-2 passed its Critical Design Review in February 2014, completing the FY 2013 annual performance indicator. These activities culminatedin
a comprehensiverebaseline of the project, which was reviewed by the Science Mission Directorate in March 2014 and approved by the NASA Agency
Program Management Council in May 2014. Duringthe rebaseline process, itbecame clearthatthe flight lasers for ICESat-2 would be delayed; deliveryis
now scheduled forthe second half of FY 2015. Due to this delay, NASA rated ES-14-10 yellow for FY 2014.

Since NASA codified the rebaseline, work on all ICESat-2 systems is progressing according to plan. This performance shortfall did not affect NASA’s overall
progress towards achieving Performance Goal 2.2.8.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Complete the Gravity Recoveryand Climate Experiment (GRACE) Follow-On mission No APl this | No APl this | No APl this | No APl this | No API this ES-14-18
Preliminary Design Review (PDR). fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: ES-15-15: Complete the Gravity Recovery and Climate Experiment (GRACE) Follow-On mission Critical Design Review (CDR).

For FY 2016: ES-16-15: Complete the Gravity Recoveryand Climate Experiment (GRACE) Follow-On mission instrument deliveryto integration and test (I&T).
Contributing Theme: Earth Science | Contributing Program: Earth Systematic Missions

Annual Performance Indicator | FY2009 | FYy2010 | FY2011 | FY2012 | FY2013 |

9ES2 10ES22 ES-11-3 ES-12-2 No API this
Green Green Yellow Green fiscal year

FY 2014
ES-14-2

For FY 2014: Complete the Orbiting Carbon Observatory (OCO)-2 observatorytesting. Green

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: Earth Science | Contributing Program: Earth System Science Pathfinder

Annual Performance Indicator | FY2009 | Fy2010 | FY2011 | FY2012 | FY2013 FY 2014

10ESO6 ES-13-4 ES-14-4

For FY 2014: Launch the Global Precipitation Measurement (GPM) mission.
Green Green Green

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: Earth Science | Contributing Program: Earth Systematic Missions

FY 2009
No API this
fiscal year

Annual Performance Indicator
For FY 2014: Complete Cyclone Global Navigation Satellite System (CYGNSS/EV-2) Preliminary
Design Review (PDR).

Planned Future Performance

For FY 2015: ES-15-11: Complete the Cyclone Global Navigation Satellite System (CYGNSS) Critical Design Review (CDR).

For FY 2016: ES-16-11: Complete Cyclone Global Navigation Satellite System (CYGNSS) Unit 1 thermal vacuum test.

Contributing Theme: Earth Science | Contributing Program: Earth System Science Pathfinder

FY 2010

No API this
fiscal year

FY 2011
No API this
fiscal year

FY 2012
No API this
fiscal year

FY 2013
ES-13-2
Green

FY 2014
ES-14-5
Green

FY 2014 Annual Performance Report and FY 2016 Annual Performance Plan 158



Strategic Goal 2—Strategic Objective 2.2 Part 3—Performance Reporting and Planning
Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Complete Soil Moisture Active Passive (SMAP) Instrument Thermal Vacuum Test. AU e SRS SR TR
Yellow Yellow Green Green Green

Planned Future Performance
For FY 2015: ES-15-12: Launch the Soil Moisture Active Passive (SMAP) mission.
For FY 2016: No API this fiscal year

Contributing Theme: Earth Science | Contributing Program: Earth Systematic Missions

Annual Performance Indicator | FY2009 | FYy2010 | FY2011 | FY2012 | FY2013 | FY2014

For EY 2014: Does not trend to FY 2014. No APl this | No API this | No APl this | No API this [ No API this

. . . . . None
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: ES-15-14: Complete the Surface Water and Ocean Topography (SWOT) mission Ka-band Radar Interferometer (KaRIn) antenna Preliminary Design Review (PDR).

For FY 2016: ES-16-14: Complete the Surface Water and Ocean Topography (SWOT) mission Preliminary Design Review (PDR).

Contributing Theme: Earth Science | Contributing Program: Earth Systematic Missions

Annual Performance Indicator | FY2009 | Fy2010 | FY2011 | FY2012 | FY2013 | FY2014

For EY 2014: Does not trend to FY 2014. No APl this | No API this | No APl this | No API this [ No API this

. . . . . None
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: ES-16-16: Complete NASA-Indian Space Research Organisation (ISRO) Synthetic Aperture Radar (NI-SAR) High Ca pacity Data Storage Subsystem Preliminary Design Review
(PDR).

Contributing Theme: Earth Science | Contributing Program: Earth Systematic Missions
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Strategic Objective 2.3
Optimize Agency technology investments, foster open innovation, and
facilitate technology infusion, ensuring the greatest national benefit.

Lead Office Goal Leader
Office of the Chief Technologist (OCT) Jim Adams, Deputy Chief Technologist, OCT

Contributing Programs
FY 2014: Partnership Developmentand Strategic Integration
FY 2015 and 2016: Agency Technology and Innovation

Budget for Strategic Objective 2.3

Actual Enacted Requested Notional
Budget Authority (in S millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $31 $33 $33 $33 $33 $33

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information” sectionin the introductionto Part 3.

Visionfor Successin 10 Years

The Agency’s technology portfolio will be optimized by aligning technology investments across mission directorates, minimizing duplication, and producing
critical capabilities that support missions and longer-term national needs. Openinnovation willthrive within NASA. Transfer of NASA technology to U.S.
companies will be maximized.

Update of Progress Toward Strategic Objective
The NASA 2014 StrategicReview found that:
e Sufficientstrategiesare in place toachieve the strategicobjective.
Tools and processes fortechnology portfolio tracking, analysis, and optimization are being maintained.
OCT recentlyinitiated the update of the NASA Technology Roadmaps.
OCTisusinginnovative approaches such as prizes and challenges to facilitate problem solving and promote technology transfer.
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FY 2014 achievementsincluded the following:

e NASA’sQuick Launch Licensing tool wentlivein November 2013, making obtaining licenses foraselect number of technologies easy, quick and
inexpensive.

e NASAisreachingnew audiences for licensing opportunities and using crowd sourcingto help find secondary applications for NASA technologies. In
FY 2014, OCT engaged with astart-up company called Marblar to enable crowdsourcing new productideas using NASA technologies. The initiative
gives Marblar’s online community access to portions of NASA’s portfolio of patented technologies, so they can use the technologiesasanidea
incubator. NASA received 25 market summaries and one license.

e The Asteroid Grand Challenge announced several new partnershipsin FY 2014.
In April 2014, a new software catalog (http://software.nasa.gov) made available NASA-developed code for publicuse.

e Highlighted achievements during FY 2014 are detailedinthe NASA FY 2014 Agency Financial Report.

Next Steps
Additional details on the strategies forthis strategicobjective can be foundinthe NASA 2014 Strategic Plan.

NextSteps in FY 2015
Work in progressin FY 2015 includes:
e Optimize Agency Technology Investments
0 NASAwill release the draft NASA Technology Roadmaps for public review and comment and prepare themforanindependent review.
0 NASAwill develop the draft Strategic Technology Investment Plan (STIP) that provides prioritization of the technologies within the NASA
Technology Roadmaps and release the draft for Agency review.
0 TechPortwill be releasedto the public.
e Facilitate Technology Transfer
0 NASACenterswill engage with university business schools for technology marketing assessments to discover new ways thatindustry can
apply for NASA technologies, and receive draft business plans on how NASA technologies can be adopted by industry.
0 NASAwill develop new guidelines to increase access forstudentsto use NASA technologies, such as allowing simple non-negotiated
licenses with no upfront fees, should students choose to pursue commercial applications.
e FosterOpenlInnovation
0 The Asteroid Grand Challenge will continue to explore partnership opportunities to expand the potential for citizens to contribute to the
challenge and will begin at least two mission proofs or pilot projects for measurable contributions to the challenge.

FY 2014 Performance Measures

Strategic Objective 2.3: Optimize Agency technology investments, foster open innovation, and facilitate technology infusion, ensuring the greatest national benefit.

Performance Goal 2.3.1:Implement the five-year Strategic Plan toimprove the abilityto transfer NASA- | Performance Goal 2.3.2:Implementa process that enables the Agency todefine and lead the Agency

developed technologies. Grand Challenge.
Annual Performance Indicators
e ST-14-8:The Agency will develop andimplement twoinnovative methods for technology licensing. e ST-14-9:Establishat least two new "open innovation" mechanisms that leverage external support for

the Asteroid Grand Challenge.
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Performance Goal Ratings for Strategic Objective 2.3, FY 2011 through FY 2014 Annual Performance Indicator Ratings for Strategic Objective 2.3, FY 2009
through FY 2014

100% 100%

80% 80%

60% 60%

40% 40%

20% 20%

0% T T T T 0% T T T T T T T
2011 2012 2013 2014 2009 2010 2011 2012 2013 2014
2.3 2.3

Past fiscal years do notinclude performance measures that do not trend to the current fiscal year annual performance indicators.
For 2013, there were no performance measures associated with Strategic Objective 2.3.
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No PG

4 4 this

ee e fiscal ee
year

Implementthe five-year Strategic Plan to improve the ability to transfer NASA-developed technologies.

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Space Technologies Contributing Program: Agency Technology and Innovation
(FY 2014 and 2015: Partnership Development and StrategicIntegration)

FY 2014 Performance Results

NASA is on track to complete this performance goal. In FY 2014, NASA executed three new licensingapproaches and one new strategy to build
partnershipsfortechnology development and transfer.

Duringthe fiscal year, NASA developed and implemented innovative methods for technology licensing. This included the following activities:

e The NASA QuickLaunch licensing portal now has approximately 100 technologies, marketed on the Technology Transfer (T2) Portal. This resulted
insixlicensesinFY2014.

e The Agencyengaged with the product development startup Marblar for crowdsourcing new productideas. The initiative gives Marblar’s online
community access to portions of NASA’s portfolio of patented technologies, so they can use the technologies asanideaincubator. Through the
partnership, NASA received 25 market summaries and one license. NASA began another crowdsourcing initiative with Edison Nation, an online
service that will help NASA showcase technologies and patents available toindustry and the public. Edison Nation will focus on asingle technology
at a time around which innovators can solicitideas.

e NASAengagedwith Startup Quest Florida forentrepreneurship training using NASA technologies. NASA executed two patentlicenses and won a
Federal Laboratory Consortium regional award for excellence in technology transfer for this work.

e NASAengagedwiththe CenterforInnovationinArlington, TX, to function asits partnership intermediary forlicensing and partnership agreement
opportunities.

NASA’s technologytransfer efforts also supportthe cross-agency priority goal on Lab-To-Market.

More informationis available at NASA’s Office of the Chief Technologist Web site.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: The Agency will develop andimplement two innovative methods for technology 91PP2 No API this ST-11-14 ST-12-14 No API this ST-14-8
licensing. Green fiscal year Green Green fiscal year Green

Planned Future Performance

For FY 2015: ST-15-7: Each Center will engage with atleast one university business school for technology marketingassessments and encouragement of technology a pplication.
For FY 2016: ST-16-7:Streamline, augment, and automate intellectual propertyandlicense portfolio management through a licensee monitoringsystem.

Contributing Theme: Space Technologies Contributing Program: Agency TechnologyandInnovation

(FY 2014 and 2015: Partnership Development and Strategic Integration)

Annual Performance Indicator | FY 2009 FY 2010 FY 2011 FY 2012 | FY 2013 | FY 2014

No API this | No APl this | No APl this | No APl this | No API this
For FY2014: Does nottrendto FY 2014. . . . . . None
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY2016: ST-16-9: Develop an initiative to encourage and trackinfusion of NASA-developed technologyinto NASA missions, and pilot the initiative at three or more NASA Centers.
Contributing Theme: Space Technologies | Contributing Program: AgencyTechnologyandInnovation

Perto a e o U U U D14
No PG No PG No PG

. this this this
Implementaprocessthat enablesthe Agencyto defineand lead the Agency Grand Challenge. fiscal fiscal fiscal -
year year year

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Space Technologies Contributing Program: Agency Technology and Innovation

(FY 2014 and 2015: Partnership Developmentand StrategicIntegration)

FY 2014 Performance Results

Grand Challenges are ambitious, but achievable, goals on a national or global scale that capture the imagination and demand advancesininnovation and
breakthroughsin science and technology. They require high-impact, multi-disciplinary collaborations and public-private partnershipsin areas where the
Federal Governmentalone cannotachieve the desired outcome. A Grand Challenge consists of both NASA organized and non-NASA organized activities,
potentially includinga number of challenges, to make progress toward the goal.

In FY 2014, NASA began drafting an execution planthatwill help guideany new future Grand Challenge development.
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The Asteroid Grand Challenge is focused on finding all asteroid threats to Earth and planning forthose threats. NASA is on track to complete this
performance goal, animportantfirst step to conducting the Grand Challenge.

NASA signed two Space Act Agreements. The first, with Space GAMBIT, is leading to externally funded citizen asteroid projects, some of which build on
International Space Apps projects. The otheris with Slooh, arobotictelescope service, which already has done abroadcast on an asteroid flyby,
generatingamajortrendin social media.

In additiontothese Space Act Agreements, NASA also executed a cooperative agreement with the Expert and Citizen Assessment of Science and

Technology, aconsortium of respected universities, science centers and non-governmental organizations, to conduct two in-person and one online forum
for facilitated dialogues with the publicto determine the benefits and risks associated with the Asteroid Initiative.

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Establish atleasttwo new "openinnovation" mechanisms that leverage external No APl this | No APl this | No APl this | No API this [ No API this ST-14-9
supportforthe Asteroid Grand Challenge. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: ST-15-8: Establish atleast two new "openinnovation" mechanisms that leverage externalsupport forthe Asteroid Grand Challenge.

For FY 2016: ST-16-8: Establishat leasttwo new "openinnovation" mechanisms that leverage externalsupport for the Asteroid Grand Challenge.

Contributing Theme: Space Technologies Contributing Program: AgencyTechnologyandInnovation
(FY 2014 and 2015: Partnership Development and Strategic Integration)
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Strategic Objective 2.4

Advance the Nation’s STEM education and workforce pipeline by working
collaboratively with other agencies to engage students, teachers, and faculty
in NASA’s missions and unique assets.

Lead Office Goal Leader
Office of Education Dr. RooseveltJohnson, Deputy Associate Administrator for Education

Contributing Programs
Aerospace Research & Career Development Program, STEM Education and Accountability Program

Budget for Strategic Objective 2.4

Actual Enacted Requested Notional
Budget Authority (in$ millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget S117 - $89 $S90 $92 $93 $94

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information” sectionin the introductionto Part 3.

Vision for Successin 10 Years

Through collaboration with otheragencies and prominent positions on federal science, technology, engineering, and mathematics (STEM) committees,
overthe next 10 years NASA will achieve increased impact on the Nation’s STEMeducation and workforce pipeline through facilitation of STEM based
internships, scholarships, and fellowships and the contribution of unique NASA mission and asset driven institutional engagement, experientiallearning,
and professional development opportunities.

Update of Progress Toward Strategic Objective
The NASA 2014 StrategicReview found that:
e Educationis making progresson portfolioalignmentand otherstrategicindicators.
e Improvementareasinclude participation on national/federal strategiccommittees and full leverage and implementation of Education’s new
organizational structure.
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FY 2014 achievementsincluded the following:

The Office of Education signed a Space Act Agreement with Destination Imagination, Inc., anonprofit organization providing project-based
educational programsinthe United States and abroad, to foster creativity and innovation among K-12 students that enables adding NASA space
exploration andinnovation content to Destination Imagination’s programs and activities.

NASA Education formalized along-standing collaboration with afederal partnerthrough anon-reimbursable agreement with the National
Institute for Food and Agriculture, asub agency within the United States Department of Agriculture. Underthe private 4-H Council, the first
activity in thisfive-yearagreement was to help prepare and launch the 2014 National Youth Science Day on October 8, 2014. Hundreds of
thousands of youthsin the United States and abroad participated in this youth-led science experiment as part of 4-H National Youth Science Day.
NASA and the Department of Education enteredinto areimbursable Space Act Agreement that ran from fall 2013 through winter 2014. The
agreementaligned with Federal priorities to increase and sustain youth and publicengagementin STEM and supported STEMobjectives and
activities within Department of Education’s 21st Century Community Learning Center (21CCLC) program. NASA customized online STEM
challenges and associated curriculum materials aligned to 21CCLC objectives and implemented them in Colorado, Michigan, and Virginia. NASA
and the Department of Education are using the results from this pilot activity to draft a framework for otherfederal collaborations with 21CCLC.
Highlighted achievements during FY 2014 are detailed inthe NASA FY 2014 Agency Financial Report.

Next Steps
Additional details on the strategies for this strategicobjective can be found in the NASA 2014 StrategicPlan.

NextSteps in FY 2015

Continuation of Education’s portfolio alignment with the Committee on Science, Technology, Engineering, and Math Education (CoSTEM) and
Administration’s priorities.

600,000 elementary and secondary students will participate in NASASTEMengagement activities.

80,000 educators will participate in NASA-supported professional development, research, and internships that use NASA-unique STEM content.
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FY 2014 Performance Measures

Strategic Objective 2.4: Advance the Nation’s STEM education and workforce pipeline by working collaboratively with other agencies to engage students, teachers,
and faculty in NASA’s missions and unique assets.

Performance Goal 2.4.1: Assure thatstudents
participating in NASA higher education projects
are representative of the diversity of the Nation.

Performance Goal 2.4.2: Continue to support
STEM educators throughthe delivery of NASA
educationcontent and engagementin educator
professional development opportunities.

Performance Goal 2.4.4: Continue to provide
opportunities for learners toengage in STEM
educationthrough NASA-unique content provided
to informal educationinstitutions designed to
inspireand educate the public.

Performance Goal 2.4.5: Continue to provide
opportunities for learners toengagein STEM
educationengagementactivities that capitalize on
NASA-unique assets and content.

Annual Performance Indicators

e ED-14-1: Providesignificant, direct student

awardsin higher education to (1) students across

all institutional levels and types (as defined by

the U.S. Department of Education); (2) racially or

ethnically underrepresented students, (3)
women, and (4) persons with disabilities at
percentages that meet orexceed the national
percentages for these populations, as
determined by the mostrecent, publicly
available data from the U.S. Department of
Education’s National Center for Education
Statistics for a minimum of two of the four
categories.

e ED-14-6:250,000 educators participate in NASA-
supported professional development, research,
and intemships that use NASA-unique STEM
content.

e ED-14-5: Maintain the NASA Museum Alliance
and/or other STEM education strategic
partnerships inno fewerthan 30states, U.S.
territories, and/or the District of Columbia.

e ED-14-8:0ne million elementary and secondary
students participate in NASA STEM engagement
activities.
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Performance Goal Ratings for Strategic Objective 2.4, FY 2011 through FY 2014 Annual Performance Indicator Ratings for Strategic Objective 2.4, FY 2009
through FY 2014
100% 100%
! 1
80% 80%
2 1 1

60% 60%

40% 40%

20% 20%

0% T T T 0% T T T T T
2011 2012 2013 2014 2009 2010 2011 2012 2013 2014
24 2.4

Pastfiscal years do notinclude performance measures that do not trend to the currentfiscal yearannual performance indicators.
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Performance Goa 0 0 0 014
Assure that students participatingin NASA higher education projects are representative of the diversity of 5.1.2.1 5.1.2.1 /
the Nation. ee Yellow White ee

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Education | Contributing Program: Multiple Programs

FY 2014 Performance Results

NASA’s performance in diversity is examined across ethnicity, race, gender, and disability status. NASA Educationis on targetto complete this
performance goal given we provided 3,165 significant, direct studentawardsin higher education to students across all institutional categories and levels in
FY 2013. The FY 2013 population of significant awardees also exceeded the national science, technology, engineering, and mathematics (STEM)
enrollment percentages forthe demographic categories of racially and ethnically underrepresented student participants and female student participants.

NASA student participants receiving significant awards attend institutions that represent all institutional categories (Predominantly White Institutions,
Predominantly Black Institutions, Tribal Colleges and Universities, and Hispanic-Serving Institutions) and levels (atleast two butless than fouryears, and
fouror more years), as defined by the U.S. Department of Education. NASA Education provided 26 percent of its awards to racially and ethnically
underrepresented student participants, compared to 8 percent for the national average; and 40 percent of its awards to women, compared to 39 percent
for the national average. However, NASAis below the nationalenrollment percentage for persons with disabilities. NASA provided 0.6 percent of its
awards to persons with disabilities, compared to 11 percentforthe national average.

NASA’s offices, mission directorates, and Centers are collaborating toimplement an Agency-wide approach to STEM education. As NASA integratesiits
STEM Education projects and activities into a more focused portfolio, NASA Education will develop newawards to support the consolidation efforts. Due
to various awards still completing theiraward period, in 2015 NASA may just be on par with national STEM averages, as opposed to current performance
of exceeding national STEMaverages in certain diversity areas. Moving forward, NASA plans to fund open competitions focused on NASA Education’s
performance goals. NASA Education will also strategically fund activities to support the Committee on Science, Technology, Engineering, and Math
Education (Co-STEM) priorities and NASA Education business lines.

NASA Education’s efforts also support the cross-agency priority goal on STEM (science, technology, engineering, and mathematics) Education.

Note: NASA Education reports on prioryear data. Data are based on the 2013—2014 academiccalendar.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Provide significant, direct student awards in higher educationto (1) students across
allinstitutional levels andtypes (as defined bythe U.S. Department of Education); (2) radallyor
ethnicallyunderrepresented students, (3) women, and (4) persons with disabilitiesat percentages
thatmeetorexceedthe national percentages for these populations, as determined bythe most
recent, publiclyavailable data from the U.S. Department of Education’s National Center for
Education Statistics fora minimum oftwo of the four categories.

Planned Future Performance

For FY 2015: ED-15-1: Provide significant, direct student awards in higher education to (1) students acrossallinstitutional categories and levels (as defined by the U.S. Department of
Education); (2) racially or ethnicallyunderrepresented students, (3) women, and (4) persons with disabilitiesat percentagesthat meet or exceed the national percentages for these
populations, as determined by the most recent, publicly available data from the U.S. Department of Education’s National Center for Education Statistics fora minimumof two ofthe four
categories.

For FY 2016: ED-16-1: Provide significant, direct student awards in higher education to (1) students acrossallinstitutional categories andlevels (as defined by the U.S. Department of
Education); (2) raciallyor ethnicallyunderrepresented students, (3) women, and (4) persons with disabilitiesat percentagesthat meet or exceed the national percentages for these
populations, as determined bythe most recent, publicly available data from the U.S. Department of Education’s National Center for Education Statistics fora minimum of two ofthe four
categories.

10EDO3
Yellow

ED-11-1 ED-12-1 ED-13-1 ED-14-1
Yellow Red White Green

Contributing Theme: Education | Contributing Program: Multiple Programs

Performance Goa 0 0 0 014
Continue to support STEM educators through the delivery of NASA education content and engagementin 6 6 6.1.1.1 /
educator professional development opportunities. ee ee White ee

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Education | Contributing Program: Multiple Programs

FY 2014 Performance Results

NASA uses multiple methods to engage educators (e.g., direct face-to-faceactivities, online learning tools). NASA Education is on targetto achieve this
performance goal. Through NASA Education, 305,733 educators have participated in NASA-supported activities. This numberincludes 6,128 pre-service
and 285,667 in-service K-12 educators, 11,037 informal educators, and 2,901 higher education faculty. Professional development efforts include
synchronous and asynchronous onlineworkshops and in-person workshops lasting from one day to two weeks. Distance learning opportunities have been
increasedtoreach a more diverse geographicpopulation. NASA Educationis also working with partners, toincludethe U.S. Department of Education’s
21st Century Community Learning Center, 100Kin10(i.e., anetwork dedicated to the Nation’s need for 100,000 science, technology, engineering, and
math teachersin 10 years), and the National Science Teachers Association, to increase the reach of NASA educational content.

NASA Education’s efforts also support the cross-agency priority goal on STEM (science, technology, engineering, and mathematics) Education.

Note: NASA Education reports on prioryear data. Data are based on the 2013-2014 academiccalendar.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: 250,000 educators participate in NASA-supported professional development, No APl this | No APl this | No APl this | No APl this | No API this ED-14-6
research, andinternships that use NASA-unique STEM content. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: ED-15-2: Engage withatleast 80,000 educators in NASA-supported professionaldevelopment, research, andinternships that use NASA-unique STEM content.

For FY2016: ED-16-2:Engage withatleast 80,000 educators in NASA-supported professionaldevelopment, research, andinternships that use NASA-unique STEM content.

Contributing Theme: Education | Contributing Program: Multiple Programs

Derformance Goaz 0 0 0 014
Continue to provide opportunities for learners to engage in STEM education through NASA-unique content [ 6.4 6.4 4.4
provided toinformal education institutions designed toinspire and educate the public. ee e ee ee

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Education | Contributing Program: Multiple Programs

FY 2014 Performance Results

NASAison targetto achieve this performance goal by providing NASA-unique content through different educationinstitutions. NASA Education supports a
diverse portfolio of programs that enhance education efforts on space exploration, aeronautics, space science, Earth science, and microgravity. These
partnerships, maintained through the NASA Museum Alliance, resultin strategic collaboration between science, technology, engineering, and
mathematics (STEM) formal and informal education providers, such as science centers, planetariums, museums, aquariums, zoos, nature centers, parks
and observatories, federal and non-federal NASAVisitor Centers and affiliates, and Challenger Centers. The Museum Alliance, which has organizationsin
52 U.S. states and territories, will extend an existing, free-of-charge NASASTEM content facilitation membership serviceto long-time partnersin NASA
education, such as the Science Engineering Mathematics and Aerospace Academy (SEMAA). SEMAA uses content from all NASA mission directorates to
increase the participation of historically underserved K-12 youth in STEM areas. SEMAA is located at community colleges; minority-serving higher
education institutions; high schools, middle schools, and elementary schools; and science centersand museums in urban and rural cities throughout the
United States.

NASA Education’s efforts also support the cross-agency priority goal on STEM Education.

Annual Performance Indicator

For FY 2014: Maintain the NASA Museum Al liance and/or other STEM education strategic
partnershipsinno fewerthan 30states, U.S. territories, and/or the District of Columbia.

FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

9ED11 ‘ 10ED10 ‘ ED-11-9 ‘ ED-12-9 ‘ ED-13-5 ‘ ED-14-5

Green Green Green Green Green Green

Planned Future Performance

For FY 2015: ED-15-4: Maintainthe NASA Museum Alliance and/or other STEM education strategic partnerships in nofewerthan 30 states, U.S. territories, and/or the District of
Columbia.

For FY 2016: ED-16-4: Maintainthe NASA Museum Alliance and/or other STEM education strategic partnerships in nofewerthan 30states, U.S. territories, and/or the District of
Columbia.

Contributing Theme: Education | Contributing Program: Multiple Programs

FY 2014 Annual Performance Report and FY 2016 Annual Performance Plan 172


http://www.nasa.gov/offices/education/about
https://informal.jpl.nasa.gov/museum
http://www.nasa.gov/offices/education/programs/national/semaa/home
http://www.performance.gov/node/3404/

Strategic Goal 2—Strategic Objective 2.4 Part 3—Performance Reporting and Planning

0 d e 03 0 0 0 D14

Continue to provide opportunities for learners to engage in STEM education engagement activities that 6 6 6 /i
capitalize on NASA-unique assets and content. ee ee ee ee

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Education | Contributing Program: Multiple Programs

FY 2014 Performance Results

NASA Education conducted approximately 1,200 individual K-12 indirectand direct interactiveeventsin FY 2013, when the last full cycle of datawas
available. Theseevents leveraged NASA-unique resources, personnel, content, and facilities, and reached 1,020,528 elementary and secondary studentsin
NASA STEM engagement activities. Interactive eventsincluded: experiential learning opportunities for youth at NASA Centers or events at NASA Education
partnerfacilities with NASA content; design challenges with live mentoring from NASA scientists and engineers; professional development opportunities
for the Nation’s K-12 STEM educators; and other opportunities.

NASA Education’s efforts also support the cross-agency priority goal on STEM Education.

Note: NASA Education reports on prioryear data. Data are based on the 2013—2014 academiccalendar.

FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

No APl this | No API this ED-11-5 ED-12-5 No APl this ED-14-8
Green Green fiscal year

fiscal year | fiscal year Green

Annual Performance Indicator
For FY 2014: One million elementaryand secondary students participate in NASASTEM
engagementactivities.

Planned Future Performance

For FY 2015: ED-15-5: Engage withatleast 600,000 elementaryand secondarystudents in NASA STEM activities.

For FY 2016: ED-16-5:Engage withatleast 750,000 elementaryand secondary students in NASA STEM activities.

Contributing Theme: Education | Contributing Program: Multiple Programs
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Strategic Goal 3

Part 3—Performance Reporting and Planning

Strategic Goal 3: Serve the American public and accomplish our Mission by effectively managing our people, technical

capabilities, and infrastructure.

Strategic Objective 3.1: Attractand advance a
highly skilled, competent, and diverse workforce,
cultivate an innovative work environment, and
provide thefadcilities, tools,and services needed
to conduct NASA’s missions.

Strategic Objective 3.2: Ensure the availabilityand
continued advancement of strategic, technical,
and programmatic capabilities to sustain NASA's
Mission.

Strategic Objective 3.3: Provide secure, effective,
and affordable information technologies and
services that enable NASA’s Mission.

Strategic Objective 3.4: Ensure effective
management of NASA programs and operationsto
completethe missionsafely and successfully.

FY 2014 Performance Goals

e 3.1.1: Defineandbuild diverse workforce skills
and competencies needed for the Agency’s
technology developmentand deepspace
exploration.

e 3.1.2:Advancea workplace environmentthat
affords equal employment opportunities (EEO)
to all employees and takes proactive diversity
and inclusion efforts.

e 3.1.3: Promote equal opportunity compliance
and encourage best practices among NASA grant|
recipient institutions.

e 3.1.4:Between2012and2016, supportthe
demolitionand elimination of obsolete and
unneeded facilities.

e 3.1.5:Manage coordination of NASA’s
international and interagencyactivitiesin
conjunction with the NASA mission directorates.

e 3.1.6: Achieve savings for the Agency through
acquisitionreforms.

e 3.1.7:Ensure that NASA continues progress
towardsimplementing statutory or Executive
Order targets and goals reflectedin itsannual
Sustainability Plan.

e 3.1.8:Enhancereach and effectiveness of
programs and projects that engage the public.

e 3.1.9: Manage coordination of advisory
committees’ (NASA Advisory Committee and
Aerospace Safety Advisory Panel)
recommendations to the NASA Administrator.

e 3.2.1:Reviewthecurrent state of the NASA test
capabilities, knowntestrequirements andtest
requests, and revise the MasterPlanas needed.

e 3.2.2:Complete LaunchServices Program (LSP)
objectives for all NASA-managed expendable
launches.

e 3.2.3:By2014,launch two functionally identical
Tracking and Data Relay Satellite (TDRS)
spacecraft ingeosynchronous orbits to replenish
the Tracking and Data Relay Satellite System
(TDRSS) constellation.

e 3.2.4:ByFY2016, replace or upgrade obsolete
and unsustainable systems of the Tracking and
Data Relay Satellite System (TDRSS) Ground
Segment atthe White Sands Complex (WSC).

e 3.2.5:ByFY 2018, replace aging Deep Space
Network (DSN) 70-meter antenna atCanberra
Deep Space Communications Complex (CDSCC).

e 3.2.6: Prioritize and complete launchand range
complex modernizationstudies and projects to
sustain governmentand commercial capabilities
at the Kennedy Space Center (KSC) and Cape
Canaveral Air Force Station (CCAFS).

e 3.2.7:Ensure the strategicavailability and
maintenance of facilities thatare necessary to
meet the long-termneeds and requirements of
the Agency.

e 3.3.1:Enhance NASA’s information security
posture through implementation of automated
security and privacytools and technologies.

o 3.3.2:Identify viable alternatives to support
Federaland Agency mobility goals, supporting
Work from Anywhere (WFA).

e 3.3.3:Consolidate and centralize the
management of information technology (IT)
enterprise services for end user services,
communications, and enterprise applications.

e 3.3.4:By 2015, reduce the numberofdata
centersto 22.

e 3.4.1:Assurethesafety andhealthof NASA’s
activitiesandreduce damage toassets through
the development,implementation, and oversight
of Agency-wide safety, reliability, maintainability,
quality assurance and healthand medical
policies and procedures.

e 3.4.2:Implementthe policies, procedures and
oversightto continuously improve the
probability of technical and programmatic
mission success.
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Summary of Performance for Strategic Goal 3

Comparison of Ratings for Performance Goals and Annual Performance Comparison of Ratings for Performance Goals and Annual Performance
Indicators by Strategic Objective, FY 2013 Indicators by Strategic Objective, FY 2014
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Strategic Objective 3.1

Attract and advance a highly skilled, competent, and diverse workforce,
cultivate an innovative work environment, and provide the facilities, tools,
and services needed to conduct NASA’s missions.

Lead Office Goal Leader
Mission Support Directorate (MSD) Richard Keegan, NASA Associate Deputy Administrator

Contributing Programs
Center Managementand Operations, Agency Management, Institutional Construction of Facilities (CoF), Environmental Compliance and Restoration

Budget for Strategic Objective 3.1

Actual Enacted Requested Notional
Budget Authority (in$ millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $2,778 --- $2,900 $2,944 $2,988 $3,033 $3,078

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information” sectionin the introductionto Part 3.

Vision for Successin 10 Years

NASA has a diverse workforce with the right balance of skills and talents and provides an inclusive work environmentin which employees with varying
perspectives, education levels, skills, life experiences, and backgrounds work togetherand are fully engaged in NASA’s mission. NASA’s institutional
capabilities enableitto provide the day-to-day operations required to support and achieve its missions.

Update of Progress Toward Strategic Objective
NASA, in consultation with the Office of Management and Budget, has highlighted this strategic objective as a focus areafor improvement.

The NASA 2014 StrategicReview found that:
e NASAhasachieved successin diversity and equal opportunity, workforce satisfaction and engagement, communications, and sustainability.
e Strategiesin place are mostly sufficientto meet the strategicobjective. Continued attention and resources are needed to address challenges
associated with maintenance, aginginfrastructure, and environmental compliance.
0 About82 percentof NASA’sinfrastructure and facilities are beyond their constructed design life. Aging infrastructure from the Apolloera
is costly to maintain and, in some cases, poses risk to mission operations. To address challenges associated with aging infrastructure,
NASA is aggressively managingits facilities portfolio to consolidateand modernizeinto fewer, more efficient and sustainable facilities.
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0 NASAhasachieved some successin consolidating facilities, reducing energy costs, and demolishing unneeded infrastructure and will
continue to use these toolsin managingits facilities portfolio.
0 NASAwill continueto prioritize and triage maintenance and repair work to prevent or minimizefacility failures and impacts to missions.

FY 2014 achievementsincluded the following:

e Forthesecond consecutive year, NASA was voted the Best Place to Work in the Federal Government for large agencies, accordingto the
Partnership for PublicService.

e Theresults of NASA’s 2014 Diversity and Inclusion Survey show that NASA employees, by an overwhelming margin, believe that NASA promotes
fairtreatment of employees, regardless of their different diversity characteristics, and understand that having employees with diverse
backgroundsis a business advantage for NASA.

e InFY 2014, NASA continued its focus on sustainability. NASA’s inventory of sustainable facilities now exceeds 2.3 million square feet. NASA
surpassed one of the primary energy conservation and green energy metrics of the Energy Independence and Security Act of 2007, and was very
close to meetinganother. NASAincreased its use of renewable energy Agency-wide by 7.6 percent, and was within 0.6 percent of meeting the
energy intensity goal reduction of 27 percent.

e NASAexceeded OMB’s Sustainability Goals for Fleet Management.

e The Environmental Impact Statement (EIS) forthe Cleanup and Demolition of Santa Susana Field Laboratory was finalized.

e NASA continuesto make progressinthe reduction of transaction costs and the management of high risk contract actions. The number of new Cost
Plus Award Fee Contracts, delivery/task order, and non-competed actions are all down measurably from the same periodin FY 2013.

e Highlighted achievements during FY 2014 are detailed in the NASA FY 2014 Agency Financial Report.

Next Steps
This strategicobjective was rated as a focus areafor improvement, but NASA will continue to make strides in effectively managingits peopleand continue
the Agency’s efforttorenew and sustain its capabilities into fewer, more efficient facilities.

The Agencyistaking the following steps:
e Investingin projectsthatreduce energy costs, demolishing unneeded infrastructure, and renewing and consolidating to reduce future operational
costs and maintenance requirements.
e Exploringoptionstoreduce operating costs.

Additional details on the strategies for this strategicobjective can be found in the NASA 2014 StrategicPlan.

NextSteps in FY 2015
e Continueduse of targeted outreach and recruitment efforts to attract and advance a highly skilled and diverse workforce.
e Emphasis onwork—life balance and continuous education and awareness opportunities on diversityand inclusion principles. Provide programs
designedto create a more flexible, responsive work environment, such as the voluntary leave bank and increased telework opportunities.
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e Explore standardized services, consolidated work weeks, and otherinnovative approaches to providing the business and administrative
capabilities required to effectively support the mission.

e Continuetoexplore opportunities for betteralignment of the NASA workforce with current and future mission needs. Thisincludes leveraging
employeedevelopmentand traininginitiatives to address workforce needs.

e Continue the Agency’s efforts to renew and sustain its capabilities into fewer, more efficient facilities. Investin energy savinginitiatives and
facilities maintenance to reduce risk and future liabilities and provide for more sustainable and cost efficient operations.

e Continue Environmental Compliance and Restoration cleanup activities of current orformersites where NASA operations contributed to
environmental problems. Projects are ranked according to the relative urgency and the potential hazards related to each individual cleanup.

As part of the Technical Capabilities Assessment Team (TCAT) process, NASA is developing amethod to strategically address the technical capabilities
requiredtosupport Agency goals. This disciplined method willenable NASA to make informed decisions on investing and divesting strategically within the
budget, while strengtheninginnovationin critical areas needed to advance the mission.
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FY 2014 Performance Measures

Strategic Objective 3.1: Attract and advance a highly skilled, competent, and diverse workforce, cultivate an innovative work environment, and provide the facilities,

tools, and services needed to conduct NASA’s missions.

Performance Goal
3.1.1: Defineand
build diverse
workforce skills and
competencies

Performance Goal
3.1.2: Advancea
workplace
environmentthat
affords equal

Performance Goal
3.1.3: Promote
equal opportunity
compliance and
encourage best

Performance Goal
3.1.4: Between 2012
and 2016, support
the demolitionand
elimination of

Performance Goal
3.1.5: Manage
coordination of
NASA’s international
and interagency

Performance Goal
3.1.6: Achieve
savings for the
Agency through
acquisitionreforms.

Performance Goal
3.1.7: Ensure that
NASA continues
progresstowards
implementing

Performance Goal
3.1.8: Enhance
reach and
effectiveness of
programs and

Performance Goal
3.1.9: Manage
coordination of
advisory
committees’ (NASA

needed for the employment practicesamong obsolete and activitiesin statutory or projectsthatengage | Advisory Council
Agency’s technology | opportunities (EEO) | NASA grant unneeded facilities. | conjunctionwith Executive Order the public. and Aerospace
development and to all employees recipient the NASA mission targetsandgoals Safety Advisory
deep space and takes proactive | institutions. directorates. reflected in its Panel)
exploration. diversity and annual recommendations
inclusion (D&I) Sustainability Plan. to the NASA
efforts. Administrator.
Annual Performance Indicators
o AMO-14-1:Sustain| ¢ AMO-14-2: Assess,| © AMO-14-10: o COF-14-1:Initiate | ® AMO-14-26: Revise| ® AMO-14-30: o AMO-14-20: o AMO-14-13:Use | o AMO-14-27:
FY 2013 Innovation evaluate, and Broaden the scope the demolitionor the NASA export Achieve savings Reduce energy current and Provide NASA
Score, as report the success of civil rights disposal of five control training through increased intensity (energy emerging responsesto
measuredby the ofthe NASA Model technical facilities or module to update use of both consumption per communications advisory
Innovation-related EEO Agency Plans assistance to NASA structures during and strengthenthe Federal-leveland gross square feet, technologies to committees’
questions ofthe FY 2008 to FY granteesthrough 2014 to reduce the content toreflect Agency-level or Btu/gsf) by 27 reach increasingly recommendations
Employee 2013. the MissionSTEM Agency’s footprint. changesin strategicsourcing percent from 2003 broad audiences. made formally to
ViewpointSurvey | ¢ AMO-14-3: Websiteon regulations andto vehicles. baselineunder42| ¢ AMO-14-28: the NASA
(EVS), by taking Evaluate overall grantee civil rights respondtoaudit [ ¢ AMO-14-8: U.S.C. 8253. Assessthe use of Administrator.
actionssuchas progressand requirementsand findings. Achieve savings e AMO-14-21: Attain NASA contentby
refiningand effectiveness of promising e AMO-14-9: through increased 14 percent completing the
updating human the Agency practices for Negotiateand contract sustainable portfolio of
capital policies, Diversity and grantee conclude efficiencies and buildinginventory communications
programs,and Inclusion Strategic compliance and internationaland reduced by 2014. activities being
systems tosupport Implementation diversity and interagency transaction costs | ¢ AMO-14-22: built through the
and encourage Planto date, in inclusion. agreements with in NASA Ensure that at Communications
innovationto meet preparationforits| ¢ AMO-14-11: foreign and procurements. least 7.5 percent Coordinating

NASA’s missions.

completionin FY
2015.

Provide a civil
rights compliance
assessmentata
minimum of two
STEM or STEM-
related programs
that receive NASA

funding.

domestic partners
in support of NASA|
missions.

ofelectricity is
generated from
renewable energy
sources.

Council
governance
process.
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Performance Goal Ratings for Strategic Objective 3.1, FY 2011 through FY 2014
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Pastfiscal years do notinclude performance measures that do not trend to the currentfiscal yearannual performance indicators.
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Define and build diverse workforce skillsand competencies needed forthe Agency’s technology
developmentand deep space exploration.

Planned Future Performance

For FY 2015 and FY 2016: Define and build diverse workforce skills and competencies needed for the Agency’s mission.

Contributing Theme: Agency Managementand Operations | Contributing Program: Agency Management

FY 2014 Performance Results

NASAisworkingtoinstill aculture ofinnovationinits workforce by recognizing and rewardinginnovative performance; engaging and connecting the
workforce to make it easy foremployees to collaborate, network, and innovate; and creating an environment in which leaders view developing innovative
employees as a productive and vital use of theirtime.

e Recognizingand rewarding performance: NASA developed the annual NASA Innovation Awards to recognize, encourage, and celebrate a spirit of
innovative behavior. There are two categories of awards, the Lean Forward; Fail Smart Award and the Champion of Innovation Award, and the
NASA workforce selects the winnerin each category.

e Engagingand connecting: NASA is workingto create a workplace where geography isinconsequential and Agency work can be conducted
anywhere and anytime by putting information, data, and tools at the fingertips of those individuals who need it. Forexample, NASA has made
great improvements in effective virtual collaboration. The Agency is able to conduct acquisition activities, panel interviews, international
presentations, and entire conferencesin virtual space.

e Growingleaders: NASA ensures thatfirst-linesupervisors appreciate the importance of developinginnovative employees. NASA infuses its
leadership valuesinto potential leaders early in their careers through Agency-leveland Center-level leadership development programs. These
programs have a heavy emphasis on personal effectiveness, relating to others, and self-reflection. Approximately 500 NASA employees have gone
through these two leadership development programs.

NASA demonstrated its commitment to workforce innovation by increasingits Innovation Index score from 77.2 percentin FY 2013 to 78.0 percentin
FY 2014, as determined through three innovation-related questionsinthe annual Federal Employee Viewpoint Survey. Through the survey, NASA’s
employees expressed their opinions about their workplace environment and opportunities. The Innovation Indexscore is derived from the results on the
following three questions:

e |feelencouragedtocome upwithnew andbetterways of doingthings;

e | am constantlylooking forwaystodo myjob better; and

e (Creativityandinnovation are rewarded.

Visit http://nasapeople.nasa.gov/ for more information.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Sustain FY 2013 Innovation Score, as measured by the Innovation-related questions of
the Employee Viewpoint Survey (EVS), by taking actions such as refining and updating human
capitalpolicies, programs, and systems to support and encourage innovationto meet NASA’s
missions.

Planned Future Performance

For FY 2015: AMO-15-1: Sustain NASA’s Innovation Score, as measured by the Innovation-related questions ofthe Employee Viewpoint Survey (EVS), by takingactions such as refiningand
updatinghuman capital policies, programs, and systems to support and encourage innovation to meet NASA’s missions.

For FY 2016: AMO-16-1: Sustain NASA’s Innovation Score, as measured by the Innovation-related questions ofthe Employee Viewpoint Survey (EVS), by takingactions such as refiningand
updatinghuman capital policies, programs, and systems to support and encourage innovation to meet NASA’s missions.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

No API this
fiscal year

10WF06
White

AMO-11-1 AMO-12-1 AMO-13-1 AMO-14-1
Yellow Green Green Green

Performance Goa 0 0 0 014
Advance a workplace environment that affords equal employment opportunities (EEO) to all employees

and takes proactive diversity and inclusion (D&I) efforts. ee ee ee ee
Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Agency Managementand Operations | Contributing Program: Agency Management

FY 2014 Performance Results

NASA continued advancing equalemployment opportunity (EEO) and diversity and inclusion (D&I) throughits Model EEO Agency Plan and its D&I Plan,
respectively. These plans lay out specificstrategies and actions toincrease racial, ethnic, gender, and other forms of diversity in the NASA workforce,
proactively prevent discrimination and harassment, effectively manage the Agency’s EEO complaints process, and enhancethe inclusiveness of the
Agency’swork environments.

Overthe past five years, NASA increased the percentages of individuals with disabilities, women, and racial and ethnicminoritiesinits workforce.
Specifically, between 2008 and 2013, NASA increased the percentage of individuals with disabilities in its workforce by 11.8 percent for the overall
population, and by 15.5 percentfortargeted disabilities. NASA also increased the percentage of women, African-Americans, Asian American and Pacific
Islanders, and Hispanicsin senior-level General Schedule (GS) positions (i.e., GS-14and GS-15 positions)and inthe Senior Executive Service (SES). NASA
increased the percentage of women in senior-level positions by 13.0 percent, African Americans by 20.6 percent, Asian American and Pacificlslanders by
10.9 percent, and Hispanics by 16.5 percent. Increasesinthese numbers overafive-year period suggest that the actions identified in the Model EEO
Agency Plan to address potential barriers to EEO forindividuals with disabilities, women, and minorities are having the intended outcome.

NASA alsois continuingits efforts to proactively prevent discrimination and resolveissues and concerns promptly and efficiently by fullyimplementing
EEO programs and processes, such as Alternative Dispute Resolution (ADR) inthe EEO complaints process, the Conflict Management Program, reasonable
accommodations forindividuals with disabilities, and the Anti-Harassment Program. NASA is seeing successes, such as a continued downward trend over
time inthe filing of formal EEO complaints, particularly those alleging harassment, which points to the effectiveness of the Anti-Harassment Program. In
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addition, NASA is developing a new set of reasonable accommodation procedures designed to enhance existing policy and to fullyimplement new lawsin
thisarena, and evaluatingthe need foran Agency-wide centralized fund for reasonable accommodations. NASA also is actively engaged in a host of
innovative initiatives, including agroundbreaking new framework for model EEO efforts, employee engagement, Special Emphasis Program utilization, and
promising practices cross-pollination.

Despite these indicators of progress, NASA still is experiencing some challenges in EEO program service delivery. Forexample, therehas notbeenan
increase in how often ADRis used, and there has been anincrease inthe average number of processing days for addressing allegations under the Anti-

Harassment Program. Nonetheless, NASA continues to work diligently to provide high-quality EEO programsto its workforce.

In additionto the numerous programs and initiatives mentioned above, NASA continues to regularly evaluate all programs and processes, and to look for
ways to enhance program delivery. Forexample, NASAis launchinganew Agency-wide push on ADR and otherforms of conflict resolution promotion.

More informationis available at NASA’s Office of Diversity and Equal Opportunity Web site.

Annual Performance Indicator

| FY2009 | Fy2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Assess, evaluate, andreport the success of the NASA Model EEO Agency Plans FY
2008 to FY 2013.

No API this 10WF01 ANV SREVAN| AMO-12-7 | AMO-13-2 | AMO-14-2
fiscal year Green ‘ Green ‘ Green ‘ Green
Planned Future Performance
For FY 2015: AMO-15-2: Sustainthree programs and processes designed to proactively prevent discrimination, as outlinedinthe Model EEO Agency Plan.

For FY2016: AMO-16-2: Sustainthree programs and processes designed to proactively prevent discrimination, as outlinedinthe Model EEO Agency Plan.
Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

| FY2009 | FY2010 | Fv2011 | FY2012 | FY2013 | FY2014
No API this 10WF02 AMO-11-8 | AMO-12-8 | AMO-13-3 | AMO-14-3
fiscal year Green Green Green Green Green

Annual Performance Indicator
For FY 2014: Evaluate overall progressand effectiveness of the Agency Diversity and Inclusion
Strategic Implementation Planto date, in preparation forits completion in FY 2015.

Planned Future Performance

For FY 2015: AMO-15-3: Assess, evaluate, and re port the overall progress and effective nessof the NASA Diversity and Inclusion Strategic Implementation Plan FY 2012 to FY 2015.
For FY2016: AMO-16-3:Issue and beginimplementation of the NASA Diversity and Inclusion Strategic Implementation Plan FY 2016 to FY 2019.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

Performance Goa 0 0 0 014
Promote equal opportunity compliance and encourage best practices among NASA grant recipient 6 6 6

institutions. op oo = aE

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Agency Managementand Operations | Contributing Program: Agency Management
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FY 2014 Performance Results

NASA promotes equal opportunity compliance and encourages best practices amongits grant recipientinstitutionsthrough the Agency’s onsite civil rights
compliance reviews, compliance reports with specificrecommendations for strengthening existing compliance and addressing specificcompliance issues,
and dissemination of promising practices of the institutions reviewed. Uniquely among grant-awarding federal science agencies, NASA conducts a
proactive onsite compliance review program of all of the grant-related federal civil rights laws for which it hasimplementing regulations. This enables
NASA to advance equal opportunity amongits grantees regardless of race, color, national origin (including limited English proficiency), gender, age, or
disability in the formal and informal science, technology, engineering, and mathematics (STEM) fields that are funded by NASA. During FY 2014, NASA
conducted or is conducting civil rights compliance reviews on four grant recipient institutions.

NASA complementsits compliance review programs with civil rights technical assistance that optimizes its online capabilities, while also utilizing more
traditional media. The MissionSTEM Web site, launched in November 2012, isthe centerpiece of NASA’s civil rightstechnical assistance. MissionSTEM
allows NASA to reach more of the grantee population, including administrators, faculty, and students in NASA-funded STEM programs. MissionSTEM is
designedto highlight both compliancerequirements under the civil rights laws, as well as the many promising practices of NASA’s grant recipients and
stakeholder organizations for creating greater diversity and inclusion in STEM. NASA continues to post fresh content, both written and video, to
MissionSTEMon a regular basis, and continues to see increasesin MissionSTEMusage overtime. Forexample, between January and September 2014,
MissionSTEM had over 69 thousand page views. By comparison, forthe same periodin 2013, MissionSTEM had 36 thousand page views, sothe site saw a
90 percentincrease in page views.

More informationis available at NASA’s Office of Diversity and Equal Opportunity Web site.

Annual Performance Indicator
For FY 2014: Broadenthe scope of civilrights technical assistance to NASA grantees throughthe
MissionSTEM Website on grantee civil rights re quire ments and promising practices for grantee
compliance and diversity andinclusion.

| FY2009 | Fy2010 | FY2011 | FY2012 | FY2013 | FY2014
AMO-11- | AMO-12- | AMO-13- | AMO-14-
19 19 1 10
Green Green Green Green

No API this 10WF11
fiscal year Green

Planned Future Performance

For FY 2015: AMO-15-4: Continue to broaden the scope of civil rights technical assistance to NASA grantees through the MissionSTEM Website, focused on grantee civil rights
requirements and promising practices for grantee compliance and diversity and indusion.

For FY 2016: AMO-16-4: Continue to conduct civil rights compliance assessments ata minimum of two STEM or STEM-related programs thatreceive NASA funding; and broaden the scope
of civil rights technical assistance to NASA granteesthrough the MissionSTEM Website, focused on grantee civil rights requirements and promising practices for grantee compliance and
diversityand inclusion.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Provide a civil rights compliance assessment ata minimum oftwo STEM or STEM- No API this | No APl this | No APl this | No APl this | No API this AM101-14-
related programs that receive NASA funding. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: AMO-15-5: Provide a civil rights compliance assessmentata minimum of two STEM or STEM-related programs that re ceive NASA funding.
For FY 2016: No API this fiscal year

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

Perfto 3 2 o [ 0 0 014

Between 2012 and 2016, supportthe demolition and elimination of obsolete and unneeded facilities.

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Construction of Facilities | Contributing Program: Institutional CoF

FY 2014 Performance Results
NASA has a demolition program to eliminate obsolete, unneeded infrastructure to improve efficiency and eliminate safety and environmentalrisks. The
program hasbeeninoperationforovera decade, and has beenanimportant part of NASA’s plans toreduce its infrastructure and operating costs.

NASA identifies facilities for demolition through special studies, which determine if the facility is required for current or future missions. Facilities that no
longerare neededare includedin afive-year demolition plan that sets project schedules based on last need (both mission and date), annual costs avoided
if the facility is demolished, potential liability, and project execution factors. Facilities included in the five-year plan occasionally are adjusted due to
consultation with states on historic properties, changesin operational schedules, environmental remediation, funding profiles, local marketforces, and
the value of recycled materials.

In FY 2014, NASA budgeted $16.7 million for demolition. Demolition activities have begun at Glenn Research Center, Johnson Space Center, Kennedy
Space Center, Marshall Space Flight Center, and Stennis Space Centerto demolish various facilities and structures.

More informationis available at NASA’s Office of StrategicInfrastructure Web site.

| Fy2009 FY2010 | Fy2011 | FY2012 | FY2013 | Fy2014
YEETNEEER| COF-11-1 | COF-12-1 || COF-13-1 | COF-14-1
fiscal year | fiscal year Green Green Green Green

Annual Performance Indicator
For FY 2014: Initiate the demolition or disposal of five facilities or structuresduring 2014 to reduce
the Agency’s footprint.

Planned Future Performance

For FY 2015: COF-15-1: Initiate the demolition or disposal of five fadilitiesorstructures during 2015 to reduce the Agency’s footprint.
For FY 2016: COF-16-1:Initiate the demolition or disposal of five fadlitiesor structures during 2016 to reduce the Agency’s footprint.
Contributing Theme: Construction of Facilities Contributing Program: Institutional CoF
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Manage coordination of NASA’s international and interagency activities in conjunction with the NASA
mission directorates. e e oz 2:

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Agency Managementand Operations | Contributing Program: Agency Management

FY 2014 Performance Results
The Office of International and Interagency Relations (OIIR) manages the development of new and ongoinginternational and interagency activities,
maintaining a continuous dialogue with key NASA officials and NASA’s internationaland interagency partners on their requirements.

During FY 2014, OIIR produced monthly reports of international and interagency agreements on the management of 697 active international agreements
with 122 countries. OlIR also concluded 83 new agreements with 48 countries and international organizations, and has more than 100 agreementsin
development.

OlIR’s Export Control and Interagency Liaison Division conducted a series of training sessions for Center Export Administrators Agency-wide on the new
regulations resulting from the President’s Export Control Reform Initiative. The trainings included presentations by the Departments of Commerce, State,
and Defense. The new regulations also were akey theme forthe OlIR-sponsored Export Control Annual Program Review, which contained briefings and
panel discussions led by the Assistant Secretary of Commerce for Export Administration, the driving force behind these reforms. In addition, the
Headquarters Export Administrator provided briefings on the new regulations during All-Hands Sessions at Goddard Space Flight Center, Ames Research
Center, and Kennedy Space Center, and the new regulations werefeatured during a day-long export control seminar offered at Johnson Space Center.

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 | FY 2014
AMO-14-

For FY 2014: Revise the NASA export control training module to update and strengthen the No API this | No APl this | No APl this | No APl this | No API this 2

contentto reflect changes in regulations andto respond to audit findings. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: AMO-15-6: Revise the NASA export control training program planto update and strengthen the content to reflect changes inregulations and to respond to a udit findings.

For FY 2016: AMO-16-6: Implement the Agency-wide export control trainingprogram plan.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

No APl this | No APl this [[RAMALE: S IO AMO-13- |\ \0-14-9
X 18 18 10
fiscal year

fiscal year Green
v Green Green Green

For FY 2014: Negotiate and condude international andinteragency agreements with foreignand
domestic partners in support of NASA missions.

Planned Future Performance

For FY 2015: AMO-15-7: Negotiate and conclude international and interagency agreements with foreign and domestic partners in support of NASA missions.

For FY2016: AMO-16-7: Negotiate and conclude international and interagency agreements with foreign and domestic partners in support of NASA missions.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

0 a E of: U U U D14
No PG No PG

. . A this this 4 6
Achieve savings forthe Agency through acquisition reforms. fiscal fiscal o "
year year
Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Agency Managementand Operations | Contributing Program: Agency Management

FY 2014 Performance Results

NASA’s Office of Procurementis on track to achieve this performance goal due to the successes achieved through strategicsourcing and to the plans made
to expand strategicsourcingand reduce transaction costs. The Office of Procurement has made significant progressto achieve the majority of its planned
initiatives. No significant threats have been identified that could jeopardize the success of these initiatives.

NASA’s procurement efforts support the cross-agency prioritygoal on Strategic Sourcing, whichis focused on reducing the costs of acquiring common
products and services. During FY 2014, NASA made significant progress on anumber of strategicsourcing vehicles, including the following:

e The Enterprise License Management Team (ELMT) manages Agency enterprise licenses and maintenance agreements; negotiating economy-of-
scale pricingforselected software used by the Agency. The ELMT added 18 consolidated software license agreements to 24 existing agreements in
FY 2014 that achieved a total estimated cost avoidance of $15 million.

e Web Enterprise Solutions and Technology (WEST) is consolidating Web services for NASA’s diverse Web community, standardizing current systems
and applyingindustry best practices, and improving agility in using tools and implementing services. WEST decommissioned 44 applications that
were nolongerrelevant, resultingin areduction to operations and maintenance costs from prioryears of over 25 percent, or approximately
$2.5 million.

¢ SolutionsforEnterprise-Wide Procurement (SEWP) IV is a multi-award, government-wide acquisition contract vehicle focused on IT products and
product-based services. For NASA, SEWP IV achieved cost savings of approximately $13 million for online competition and product refreshment,
and avoided roughly $300 thousand in surcharge fees.
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e The Synergy Achieving Consolidated Operations and Maintenance (SACOM) contractis merging operations and maintenance activities at the
Stennis Space Centerand Michoud Assembly Facility. The SACOM contract is targeted foraward in FY 2015 and projectedtoresultina
measurable reduction in costs forthe Agency. NASA will begin reporting savings in FY 2015.

e The NASA Shared Services Center (NSSC) consolidates and standardizes select business activities from across NASA. NSSC performs select business
activities forall NASA Centers in financial management, human resources, information technology, procurement, and business support services.

The Office of Procurement has made some progress onits planned initiatives to increase contract efficiencies, including the strategic procurement of
information technology initiatives, reverse auctioning, reducing high-risk contract actions, and reducing procurement lead times. However, NASA would
like to see continued progressinthisareainthe upcomingyears. Forexample, the Office of Procurement has an effort underway to identify the causes for
delaysinawarding competitive contracts and recommend solutions for mitigating the delays. The initial focus of this effortis on source evaluation board
procurements.

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Achieve savings throughincreased useof both Federal-level and Agency-level No API this | No APl this | No APl this | No APl this | No API this AM??C;M_
strategic sourcingvehicles. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: AMO-15-8: Achieve savings through effective use ofboth Federal-level and Agency-level strategic sourcingapproaches.

For FY2016: AMO-16-8: Achieve savings through effective use ofboth Federal-level and Agency-level strategic sourcingapproaches.
Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

Annual Performance Indicator | FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Achieve savings throughincreased contract efficiencies and reduced transaction costs [ No APl this | No API this [ No APl this | No API this | No APl this | AMO-14-8
in NASA procurements. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Yellow

Planned Future Performance

For FY 2015: AMO-15-9: Achieve savings through increased contract efficienciesand reduced transaction costs in NASA procurements.

For FY 2016: AMO-16-9: Achieve savings through increased contract efficienciesand reduced transaction costs in NASA procurements.
Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

Explanation of Rating

The Office of Procurement made some progress onits plannedinitiativesin FY 2014 to increase contract efficiencies—strategic procurement of IT
initiatives, reverse auctioning, reducing high-risk contract actions, peerreview savings, reducing procurement lead times—but feltitfell short of intended
targets. Asa result, NASA rated AMO-14-8yellow, with only minor threats identified that may impact progress on these initiatives moving forward. This
shortfall did not affect NASA’s overall progress towards achieving Performance Goal 3.1.6.

The Office of Procurement plans continued progress towards its initiatives in upcoming years. Forexample, it has an effort underway to identify the
causes of delaysinawarding competitive contracts and to recommend solutions for mitigating the delays. In FY 2015, NASA will focus its efforts on source
evaluation board procurements and otherinitiatives, with the goal of improving the efficiency and timeliness of its performance.
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ormance Goa 0 0 0 014
No PG No PG No PG

Ensure that NASA continues progress towards implementing statutory or Executive Ordertargets and goals this this this
reflectedinits annual Sustainability Plan. fiscal fiscal fiscal ee
year year year

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

FY 2014 Performance Results

NASA has a sustainability policy to executeits mission without compromising the planet’s resources. Sustainability provides a unique opportunity to
continuously improve the resilience of NASA’s space and ground asset operations and performance. Sustainability also involves taking action now to
provide afuture where the environment and living conditions are protected. Inimplementing sustainability practices, NASA manages risks to its mission,
risks to the environment, and risks to local communities. To this end, NASA seeks to use publicfunds efficiently and effectively, promote the health of the
planet, and operate in a way that benefitsits neighbors. More information is available in the Strategic Sustainability Performance Plan.

The Office of Management and Budget released the January 2014 Scorecard on Sustainability/Energy inJuly 2014. NASA remains aleaderinthe Federal
Governmentin progress made toward meetingthe goals outlined, and received green ratings in six out of seven metrics.

Followingweresome of NASA’s key sustainability activities in FY 2014:

e NASAfellslightly short of its target to reduce its energy consumption pergross square feet (Btu/GSF) by 27 percentin FY 2014, but is on track to
meetitsoverall target of a 30 percent Btu/GSF reduction by FY 2015.

¢ NASAincreaseditsinventory of sustainable buildings to 14.27 percentto date, measured by gross square footage, andis ontrack to meetthe
15 percentgoal by the end of FY 2015. For example, four buildings, with acombined size of 186,000 square feet, received Leadership in Energy
and Environmental Design (LEED) gold certification. LEEDis a green building certification program that recognizes best-in-class building strategies
and practices.

e NASAgenerated 7.6 percentofits electricity from renewable energy sources, exceeding the target of 7.5 percent. NASA continues to make
significantstrides in generating electricity from renewable energy sources. Forexample, NASAhas large renewable energy projects underway at
three facilities, including one wind project and two solar projects.

NASA’s sustainability efforts also support the cross-agency priority goal on Climate Change.

More informationis available at NASA’s Office of StrategicInfrastructure Web site.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Reduce energyintensity (energy consumption pergrosssquare feet, or Btu/gsf) by27 [ No APl this | No APl this | No APl this [ No API this | No API this AM20614-
percentfrom2003 baseline under42 U.S.C. 8253. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year vellow

Planned Future Performance

For FY 2015: AMO-15-10: Reduce energyintensity (energy consumption per gross square feet, or Btu/gsf) by 30 percent from 2003 baseline under 42 U.S.C. 8253.

For FY 2016: AMO-16-10: Reduce energyintensity (energy consumption per gross square feet, or Btu/gsf) by 32 percent from 2003 baseline under42 U.S.C. 8253.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

Explanation of Rating
NASA did not meetthe FY 2014 goal of 27 percent, which resultedinayellow rating for AMO-14-20. Title 42 of U.S. Code 8253 sets energy conservation
targets for buildings within the Federal Government. This performance shortfall did not affect progress towards achieving Performance Goal 3.1.7.

NASAison track to meetthe 30 percenttarget by FY 2015. The Office of StrategicInfrastructure anticipates awarding several Energy Savings Performance
Contracts (ESPCs), ensuring continued progress toward the 30 percent goal. ESPCs are contracts that promote energy and water conservation through
technologies, services, and operations.

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

. . . . . AMO-14-
For FY 2014: Attain 14 percent sustainable building inventory by 2014. No APl this | No APIthis | No APIthis | NoAPIthis | NoAPI this 21

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: AMO-15-11: Attain 15 percent sustainable building inventory by 2015.

For FY2016: AMO-16-11: Meet sustainable building inve ntory target (percentage of gross square footage of inventory me eting guiding principles) set by the Office of Managementand
BudgetforFY 2016in the Energyand Sustainability Scorecard.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

Annual Performance Indicator | Fy2009 | Fvy2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY2014: Ensurethatatleast 7.5 percent of electricity is ge nerated from renewable energy No API this | No APl this | No APl this | No APl this | No API this AM;)2-14-
sources. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY2015: AMO-15-12: Ensure that atleast 10 percent ofelectricity consumed is ge nerated from renewable e nergy sources.

For FY2016: AMO-16-12: Ensure that atleast 15 percent ofelectricity consumed is ge nerated from renewable e nergy sources.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management
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6.4 6.4 6.4 S
Enhance reach and effectiveness of programs and projects that engage the public. o o o "
Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Agency Managementand Operations | Contributing Program: Agency Management

FY 2014 Performance Results

NASA’s Office of Communications implemented aseries of communication campaigns, approved by NASA’s Communications Coordinating Council, in

FY 2014. These campaigns integrate traditional and social mediaand publicoutreach activities from across the Agency’s mission directorates, programs,
projects, and Headquarters and Center functional communications offices. Regular updates on campaign progress and results are briefed at
Communications Coordinating Council meetings. During the fourth quarter of FY 2014, the Office of Communications held an all-handsvideo
teleconference that provided over 400 Agency employees a status of the communication priorities and campaigns.

NASA’s public Web site customer satisfaction scores are among the highestin the Federal Government. The NASA Web portal (www.nasa.gov) averaged
6.6 million visits per month during the fourth quarter of FY 2014. This isup fromjustunder5 million permonthinthe previous quarter. The Agency
continuesto assess new social mediatools and techniques to engage both science attentive and non-traditionalaudiences. NASAhas recently launched
Vine fromthe International Space Station (ISS), where Astronaut Reid Wiseman has been sharing six-second videos of life aboard the ISS. The audience has
grown to nearly 110,000 in the few months since the site began operating. The audience on the image-sharing site Instagram continues to grow, now at
1.7 million followers, up from 1.3 million the previous quarter. NASA’s Facebook audience has grown to 7.6 million and has surpassed Twitter’s audience
of 7.5 million, to be itslargest social mediaaudience. NASAcontinues tolead the Federal Governmentin followerson Facebook, Google+, Foursquare,
Twitter, and Instagram. The Headquarters Office of Communications process forapproving new social media accounts continues to be a useful mechanism
to ensure both the quality and cost effectiveness of the Agency’s investmentsin this area.

The Office of Communication has continued implementation of the Communications Portfolio review processin orderto evaluate new and ongoing
Agency communications activities. Communications events, activities, and products are evaluated based on best practices, audience reach, and resource
requirements. The Office of Communications has developed a distributed Communications Portfolio online database, with plans toimplement the system
across the Agencyin FY 2015. The database will improveand help standardize data collection and reporting of communications activities, events, and
products, leading to more effective stakeholder engagement.

FY2009 | FY2010 | Fvy2011 | Fvy2012 | FY2013 | FY2014
AMO-11- | AMO-12- | AMO-13- | AMO-14-
21 21 13 13
Green Green Green Green

Annual Performance Indicator

No API this
fiscal year

No API this
fiscal year

For FY 2014: Use current and emerging communications technologiesto reach increasingly broad
audiences.

Planned Future Performance

For FY 2015: AMO-15-13: Use current and emerging communications technologies, platforms, and methods to reachincreasingly broad and diverse audiences.

For FY 2016: AMO-16-13: Use currentand emerging communications technologies, platforms, and methods to reachincreasingly broad and diverse audiences.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management
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Annual Performance Indicator

FY2009 | FY2010 | FY2011 FY 2012 FY 2013 FY 2014
AMO-11- | AMO-12- | AMO-13- | AMO-14-
22 22 14 28
Green Green Green Green

No API this
fiscal year

No API this
fiscal year

For FY 2014: Assessthe use of NASA content by completingthe portfolio of communications
activitiesbeing built through the Communications Coordinating Council governance process.

Planned Future Performance

For FY 2015: AMO-15-14: Develop asetofmetrics by which to assess the reach and effectiveness of activitiesin the communications portfolio.
For FY2016: AMO-16-14: Develop asetof metrics by which to assess the reach and effectiveness of activitiesin the communications portfolio.
Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

Annual Performance Indicator | FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

No API thi No API thi No API thi No API thi No API thi
For FY2014: Does nottrendto FY 2014. .0 this .0 this .o this .O this .O this None
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance
For FY 2015: No API this fiscal year

For FY2016: AMO-16-24: Develop a toolkit (clearinghouse) of NASA communications products to share with NASA’s communications professionals and employees to help ensure that
consistentand current contentis utilized incommunicatingthe Agency’s results to the public.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

Performance Goa 0 0 0 014
No PG No PG No PG

Manage coordination of advisory committees’ (NASA Advisory Council and Aerospace Safety Advisory this this this S

Panel) recommendations tothe NASA Administrator. fiscal fiscal fiscal ee
year year year

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.”
Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

FY 2014 Performance Results

In additiontoits work with international and interagency partners, the Office of International and Interagency Relations (OlIR) supports NASA’s advisory
committees, includingthe NASA Advisory Council (NAC) and the Aerospace Safety Advisory Panel (ASAP). During FY 2014, OIIR coordinated NASA'’s
response to 16 NACand 9 ASAP recommendations. It also led Agency-wide management oversight and legal compliance for NASA’s six Federal Advisory
Committee Act (FACA) committees; planned and executed internal Agency and publicrollout of the NACreorganization; organized and implemented 14
NASA federal advisory committee meetings, including three Council meetings, three ASAP meetings, and eight ASAP “Insight” meetings; and prepared the
ASAP 2013 Annual Reportto Congress.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Provide NASA responses to advisory committees’ recommendations made formallyto | No APl this | No API this | No APl this | No API this | No API this AM207-14-
the NASA Administrator. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: AMO-15-15: Provide NASA responsesto advisory committees’ recommendations made formally to the NASA Administrator.

For FY 2016: AMO-16-15: Provide NASA responsesto advisory committees’ recommendations made formally to the NASA Administrator.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency Management

Performance Goal FY 2011 FY 2012 FY 2013 | FY 2014
No PG No PG No PG

Does not trend to FY 2014. Fhls fch|s Fh's None
fiscal fiscal fiscal
year year year

Planned Future Performance

For FY 2015: No performance goal this fiscal year

For FY 2016: 3.1.10: Between 2016 and 2017, demonstrate increased facility reliability by reducing spending on unscheduled maintenance from 35
percentto 31 percent of total maintenance spending.

Contributing Theme: Construction of Facilities | Contributing Program: Institutional CoF

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | Fy2013 FY 2014

For FY 2014: Does not trend to FY 2014. No API this | No APl this [ No APl this | No API this | No API this None

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: COF-16-2: Reduce spendingon unscheduled maintenance (out of total maintenance spending) by atleast two percentage points.

Contributing Theme: Construction of Facilities I Contributing Program: Institutional CoF
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Strategic Objective 3.2
Ensure the availability and continued advancement of strategic, technical,
and programmatic capabilities to sustain NASA’s Mission.

Lead Office Goal Leader
Human Exploration and Operations Mission Directorate (HEOMD) Greg Williams, Deputy for Policy and Management, HEOMD

Contributing Programs
21st Century Space Launch Complex (21CSLC), Launch Services Program (LSP), Rocket Propulsion Test (RPT), Programmatic Construction of Facilities, Space

Communications and Navigation (SCaN), Strategic Capabilities Assets Program (SCAP)

Budget for Strategic Objective 3.2

Actual Enacted Requested Notional
Budget Authority (in S millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $900 $853 $834 $781 $762 $743

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information”sectionin the introduction to Part 3.

Visionfor Successin 10 Years

NASA will maintain all critical network and communication capabilities; complete launch and range complex modernization projects; continueto promote
the evolution of aU.S. commercial space launch market, as well as the continual enhancement of space transportation policy, contracts, and launch
service products and services; ensure that the RPT capabilities and competencies are available; and ensure that the SCAP capabilities are availableto
supporttestcustomers.

Update of Progress Toward Strategic Objective
NASA, in consultation with the Office of Management and Budget, has highlighted this strategic objective as a focus areafor improvement.

The NASA 2014 StrategicReview found that:
e NASAratedthisstrategicobjective asafocus area forimprovement primarily due to programmaticissues within the SCaN portfolio, specifically
contractor performance on the Space Network Ground Segment Sustainment (SGSS) Project. SGSSis currently undergoing a replan.

e Strategiesand performance are sufficient for most of the strategicobjective’s programs. However, strategies for ScaN required adjustment, due
to:
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0 Inabilitytofind partnerfundingforthe Trackingand Data Relay Satellite (TDRS)-Mlaunch service.
0 Costandschedule growth onthe SGSS effort.

e These challenges constituted asignificant FY 2014 challenge tothe Agency’s critical network and communication activities.

FY 2014 achievementsincluded the following:
e Thetwelfth TDRS spacecraft (TDRS-L) was launchedinJanuary 2014, and has been accepted for operations.
e LSP achieveda100 percentsuccessrate in FY 2014 with the successful launch of three NASA missions.
e RPTperformed 313 testsfor 272,393 seconds, while maintaining 100 percent of availability.
e Highlighted achievements during FY 2014 are detailed inthe NASA FY 2014 Agency Financial Report.

Next Steps
Additional details on the strategies for this strategicobjective can be found in the NASA 2014 StrategicPlan.

NextSteps in FY 2015
e Maintaina minimum of 95 percent delivery of the Space Communications network services that support NASA and other customers’ mission
success (SCaN).
e Continuethe development of enabling technology and international standards (SCaN).
e Maintaincivil space leadership in radio-frequency spectrum policy, planning, and management (SCaN).

e Complete environmental mitigation projects and the development of systems to support small-class vehicle customers at the Kennedy Space
Centerand begin range telemetry systems upgrades.
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FY 2014 Performance Measures

Strategic Objective 3.2: Ensure the availability and continued advancement of strategic, technical, and programmatic capabilities to sustain NASA’s Mission.

Performance Goal 3.2.1:
Review the current state of
the NASA test capabilities,
known testrequirements
and testrequests, and
revise the Master Planas
needed.

Performance Goal 3.2.2:
Complete Launch Services
Program (LSP) objectives
for all NASA-managed
expendable launches.

Performance Goal 3.2.3:By
2014, launch two
functionally identical
Tracking and Data Relay
Satellite (TDRS) spacecraft
in geosynchronous orbits
to replenish the Tracking
and Data Relay Satellite
System (TDRSS)
constellation.

Performance Goal 3.2.4:By
FY 2016, replace or
upgrade obsolete and
unsustainable systems of
the TrackingandData
Relay Satellite System
(TDRSS) Ground Segment
at the White Sands
Complex (WSC).

Performance Goal 3.2.5:By
FY 2018, replace aging
Deep Space Network (DSN)
70-meter antenna at
Canberra Deep Space
Communications Complex
(CDscC).

Performance Goal 3.2.6:
Prioritize and complete
launch and range complex
modernizationstudies and
projects to sustain
governmentand
commercial capabilities at
the Kennedy Space Center
(KSC) and Cape Canaveral
Air Force Station (CCAFS).

Performance Goal 3.2.7:
Ensure the strategic
availabilityand
maintenance of facilities
thatare necessary tomeet
the long-term needsand
requirements of the
Agency.

Annual Performance Indicators

e SFS-14-1:Sustain90
percent availability of test
facilities tosupport NASA
and other customers’
plannedtest
requirements.

e SFS-14-2:Sustaina 100
percent success rate with
the successful launch of
NASA managed
expendable launches, as
identified onthe Launch
Services Flight Planning
Board manifest.

e SFS-14-3:Complete
acquisitions on time for
NASA-managed
expendable launches.

e SFS-14-4:Completein-
orbit check-out of
Tracking and Data Relay
Satellite (TDRS)-L
spacecraft.

e SFS-14-5: Make progress
towardsthe Space
Network Ground Segment
Sustainment (SGSS)
Systems Integration
Review (SIR).

e SFS-14-6: Completethe
radio frequency
equipment installation at|
Canberra Deep Space
Communications Complex
(CDSCC) to support
operations.

e SFS-14-7:Complete
environmental mitigation
projects to support
horizontal take-off,
horizontallanding
commercial partner at
the Shuttle Landing
Facility (SLF); complete
development of the
Deployable Launch
System and Universal
Propellant Servicing
System to enable a smalH
classvehiclelaunch
capability at Kennedy
Space Center; and begin
range telemetry systems
upgrades.

e SC-14-1:Achieve a
minimum of 80 percent
overallavailability of
Strategic Capabilities
Assets Program (SCAP)
portfolio of assets which
are necessary to meet the
long-term needs and
requirements of the
Agency.

FY 2014 Annual Performance Report and FY 2016 Annual Performance Plan

197




Strategic Goal 3—Strategic Objective 3.2 Part 3—Performance Reporting and Planning

Performance Goal Ratings for Strategic Objective 3.2, FY 2011 through FY 2014 Annual Performance Indicator Ratings for Strategic Objective 3.2, FY 2009
through FY 2014
100% 100%
1 1
80% 80%
1

60% 60% 3

40% 40%

20% 20%

0% T T T 0% T T T T T
2011 2012 2013 2014 2009 2010 2011 2012 2013 2014
3.2 3.2

Pastfiscal years do notinclude performance measures that do not trend to the currentfiscal yearannual performance indicators.
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Performance Goa 0 0 0 014
Review the current state of the NASA test capabilities, known test requirements and test requests, and
revise the MasterPlan as needed. e e oz 2:

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Space and Flight Support | Contributing Program: Rocket Propulsion Test

FY 2014 Performance Results

NASA’s Rocket Propulsion Test (RPT) programis responsible for managing and sustaining the Agency’s facilities for ground testing rocket engines. It works
both to advance new testtechnologiesandtoreduce propulsion test costs. RPT prioritizes limited resources to sustainits core test capability and meet
customertestrequirements. Inaddition, RPT programis NASA’s representative on the National Rocket Propulsion Test Alliance (NRPTA), which was
established between NASA and the Department of Defense in 1998. The NRPTA helps shape the Federal Government’s rocket propulsion test capability to
better meet national test needs through intra- and inter-agency cooperation, and recommends solutions that provide the best overall value to taxpayers.

In FY 2014, the RPT program successfully metall customertestrequirements. RPT facilities completed 313 tests for a total of 272,393 seconds of testtime.
During FY 2014, the RPT program completed the following tests:
e TheJ-2X rocketengine for NASA’s Space Launch System (SLS). The J-2X was designed for the Ares upperstage under Constellation Program and is
now a candidate forthe SLS upperstage.
e The Rocket Stage (RS)-68engine forthe U.S. Air Force.
Othertests for numerous commercial partners, including Orbital Sciences Corporation, Space Exploration Technologies Corporation (SpaceX),
MDA Corporation, and the Boeing Company.

In addition, the SLS program is making majorrenovations to the B-2test stand (an RPT-managed test stand) at Stennis Space Centerin preparation for SLS
core stage testingin FY 2016.

Annual Performance Indicator

For FY 2014: Sustain 90 percent availability of test facilities to support NASA and other customers’
planned test re quire ments.

FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

9SFS3 10SFS09 ‘ SFS-11-1 ‘ SFS-12-1 ‘ SFS-13-1 ‘ SFS-14-1

Yellow Yellow Green Green Green Green

Planned Future Performance

For FY 2015: SFS-15-2: Sustain 90 percent availability of test facilities to support NASA and other customers’ planned test requirements.

For FY 2016: SFS-16-2: Sustain 90 percent availability of test facilities to support NASA and other customers’ planned test requirements.

Contributing Theme: Space and Flight Support | Contributing Program: Rocket Propulsion Test
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Performance Goa 0 0 0 014

Complete Launch Services Program (LSP) objectives forall NASA-managed expendable launches.

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Space and Flight Support | Contributing Program: Launch Services

FY 2014 Performance Results

NASA’s Launch Services Program (LSP) is responsible for the acquisition and management of expendable launch vehicle missions. LSP provides safe,
reliable, cost-effective, and on-schedule launch services to NASA and NASA-sponsored payloads on expendable launch vehicle missions. LSP oversees all
aspects of launch services, including launch vehicle engineering and manufacturing, launch operations and countdown management, and quality and
mission assurance.

In FY 2014, LSPsustained a 100 percentsuccess rate for missionlaunches. All three of the following missions were delivered to the properorbitand met
the launch mission requirements defined in the NASA Launch Services Il contract:

e Mars Atmosphere and Volatile EvolutioN (MAVEN) mission, launched on November 18, 2013, will explore the upperatmosphere of Mars.

e Tracking Data and Relay Satellite (TDRS)-L, launched on January 23, 2014, will provide operational communications data.

e Orbiting Carbon Observatory (0CO)-2, launched on July 2, 2014, will study atmosphericcarbon dioxide from space.

In addition, LSP completed acquisitions on time forall NASA-managed expendable launches. Specifically, LSP completed three acquisitions, totaling
approximately $388 million, for the following missions:

e InteriorExploration using SeismicInvestigations, Geodesy and Heat Transport (InSight) will study the deep interior of Mars.

e SolarOrbiterwill make in-situ observations of the heliosphere.

e Cyclone Global Navigation Satellite System (CYGNSS) will measure ocean surface winds toimprove hurricane forecasting.

FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
No APl this [SEESEHEL ‘ SFS-12-2 ‘ SFS-13-2 ‘ SFS-14-2

expendable launches, as identified on the Launch Services Flight Planning Board manifest. fiscal year Green Yellow Green Green Green

Planned Future Performance

For FY 2015: SFS-15-3: Sustaina 100 percent successrate with the successful launch of NASA managed expendable launches, as identified on the Launch ServicesFlight Planning Board

manifest.

For FY 2016: SFS-16-3: Sustaina 100 percent successrate with the successful launch of NASA-managed expendable launches as identified on the Launch Services Flight Planning Board

manifest.
Contributing Theme: Space and Flight Support | Contributing Program: Launch Services

Annual Performance Indicator
For FY 2014: Sustaina 100 percent successrate with the successful launch of NASA managed
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Complete acquisitions ontime for NASA-managed expendable launches. No API this No API this No API this No API this NOAPI this SFS 143
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: SFS-15-4: Complete acquisitions on time for NASA-managed expendable launches.

For FY 2016: SFS-16-4: Complete acquisitions on time for NASA-managed expendable launches.

Contributing Theme: Space andFlight Support | Contributing Program: Launch Services

Perfto a E 0d 0 0 0 014

By 2014, launch two functionally identical Tracking and Data Relay Satellite (TDRS) spacecraftin 4 / i

geosynchronous orbits to replenish the Tracking and Data Relay Satellite System (TDRSS) constellation. ee ee ee ee
Planned Future Performance

For FY 2015 and FY 2016: 3.2.3: Maintain a minimum of 95 percent delivery of the Space Communications network services that support NASA and
othercustomers’ mission success.

Contributing Theme: Space and Flight Support | Contributing Program: Space Communications and Navigation

FY 2014 Performance Results

The NASA Space Communications and Navigation (SCaN) Programisresponsible for Agency-wide operations, management, and development of all NASA
space communications capabilities and enabling technology. SCaN manages and directs the ground-based facilitiesand services for three networks that
span the globe and support over 100 space missions. The Space Network, whichis one of the three networks, consists of a constellation of
geosynchronous (Earth-orbiting) satellites named the Tracking Data Relay Satellite (TDRS), ground systems that operate as arelay system between
satellites, satellitesin low Earth orbit above 73 kilometers, and ground facilities. The Space Network maintains near-continuous communications with the
International Space Station (ISS), the Hubble Space Telescope, and othersatellites beyond low Earth orbit, and supports resupply missions to the ISS.

During FY 2014, SCaN completed this performance goal. NASA launched TDRS-K on January 30, 2013, and TDRS-L onJanuary 23, 2014. The replenishment
of the TDRS fleet will help to ensure that NASA’s Space Network is able to continue to provide around-the-clock, high throughput communications services
to NASA’s missions, including the ISS.

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Completein-orbit check-out of Tracking and Data Relay Satellite (TDRS)-L spacecraft. 9SFS6 105507 SESTLLS SFSHZS SFST1S4 SFS 144
Green Yellow Green Green Green Green
Planned Future Performance
For FY 2015: SFS-15-5: Complete Tracking and Data Relay Satellite (TDRS)-L I nitial Operational Ca pability (10C).

For FY 2016: SFS-16-5: Complete the development of the Trackingand Data Relay Satellite (TDRS)-M Spacecraft and prepare it for storage.
Contributing Theme: Space andFlight Support I Contributing Program: Space Communications and Navigation
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Perrto d e of [ 0 0 014
By FY 2016, replace or upgrade obsolete and unsustainable systems of the Trackingand Data Relay 4 / 5.4.3.2 /
Satellite System (TDRSS) Ground Segment at the White Sands Complex (WSC). ee e Yellow Red
Planned Future Performance

For FY 2015 and FY 2016: 3.2.4: Replace or upgrade obsolete and unsustainable systems of the Tracking and Data Relay Satellite System (TDRSS) Ground
Segmentatthe White Sands Complex (WSC).

Contributing Theme: Space and Flight Support | Contributing Program: Space Communications and Navigation

FY 2014 Performance Results

NASA’s Space Communications and Navigation (SCaN) Program manages the Space Network, which maintains near-continuous communications with the
International Space Station (ISS), the Hubble Space Telescope, and othersatellites beyond low Earth orbit, and resupply missions to the ISS. The Space
Network consists of aground segmentand a space segment. The ground segment comprises three facilities, including one located on Guam Island; and
two located in New Mexico, one of whichis the White Sands Test Facility.

The current ground system of equipment for the Space Network is approximately 30years old and is becoming more difficult to operate and maintain. As
newer systems replace olderones, itbecomesincreasingly difficult forthe older systemstointerface with the new ones and function at full capacity.

The SCaN initiated a sustainment effort, called the Space Network Ground Segment Sustainment (SGSS) Project, to upgrade technology and sustain the
Space Network operations foratleastthe next 25 years. Thisincludes replacing orupgrading the ground segment at the White Sands Test Facility.

During FY 2014, the SGSS Project made incremental progress, but exceeded the cost and schedule estimatesinthe Agency’s baselinecommitment.

Performance ImprovementPlan

NASAisworkingtoreplanand rebaseline the project, with arevised expected completion date of FY 2018. NASA expectsto complete the replan of the
SGSS Project, which willinclude Agency approval of arevised Key Decision Point (KDP)-C memorandum, by June 2015. The KDP-Creview is an assessment
of a project’sreadiness to move into full-scale development.

Annual Performance Indicator

| FY2009 | Fy2010 | FY2011 | Fy2012 | FY2013 | FY2014
For FY 2014: Make progress towards the Space Network Ground Segment Sustainment (SGSS)
Systems Integration Review (SIR).

No API this | 10SFS08 ‘ SFS-11-6 ‘ SFS-12-6 ‘ SFS-14-5
fiscal year Yellow Green Green Yellow Red

Planned Future Performance

For FY 2015: SFS-15-6: Complete the A4 Space Network Ground Segment Sustainment (SGSS) software increment delivery.

For FY 2016: SFS-16-6: Complete the A5 Space Network Ground Segment Sustainment (SGSS) software increment delivery.
Contributing Theme: Space and Flight Support | Contributing Program: Space Communications and Navigation
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Explanation of Rating

The SGSS Project did not complete this milestone in FY 2014 and does not anticipate completingitin FY 2015. Asa result, NASA rated SFS-14-5red. The
SCaN program isworkingto replan the project. The timeframe for completing the SGSS replan, which will include Agency approval of adelta KDP-C, is
summer 2015. The replanwill include arevised schedule.

Performance Goa 0 0 0 D14
By FY 2018, replace aging Deep Space Network (DSN) 70-meter antenna at Canberra Deep Space / / /
Communications Complex (CDSCC). ee e ee ee
Planned Future Performance

For FY 2015 and FY 2016: 3.2.5: Replace aging Deep Space Network (DSN) 70-meterantenna at Canberra Deep Space Communications Complex
(CDscq).

Contributing Theme: Space and Flight Support | Contributing Program: Space Communications and Navigation

FY 2014 Performance Results

NASA’s Space Communications and Navigation (SCaN) Program manages the Deep Space Network, which is aninternational network of antennas that
supportsinterplanetary spacecraft missions, space-based telescopes, and some select Earth-orbiting science missions. The Deep Space Network comprises
three facilities, the Canberra Deep Space Communications Complex (CDSCC) in Australia; the Goldstone Deep Space Communications Complex in Fort
Irwin, CA; and the Madrid Deep Space Communications Complex in Spain. The Deep Space Network supports NASAand non-NASA missions that explore
the furthest points of the solar system, including Kepler, Cassini, the Mars Rovers and Orbiters, the Mars Science Laboratory, Voyager 1and 2, and the
SpitzerSpace Telescope.

To meetongoingdemand fordeep space communication services, SCaN is replacingits aging Deep Space Station (DSS) 70-meterantennas with anew
generation of 34-meterantennas. Four34-meterantennas will be arrayed in orderto provide functionally equivalent capabilities to the 70-meterantenna
at the CDSCC, which is over40 years old. SCaN is on schedule to complete two new 34-meterantennas, which will be arrayed with the existing two 34-
meterantennasto provide redundancy and eliminate the critical dependence on the old 70-meterantenna.

In September 2014, NASA completed installation of the DSS-35, which is a 34-meter beam waveguide antenna. It has the same basic performance
parameters of the previous 34-meter High-Efficiency antenna, but the beam waveguide antenna design relocates sensitive electronics from the center of
the mainreflectortothe pedestal equipment room, offering easier access for maintenance and modifications. The DSS-35is now fully operational.

|  Fy 2009
No API this
fiscal year

| Fy2010 | Fv2011 | FY2012 | FY2013 | FY2014
No API this [BEJESEEE SFS-12-7 SFS-13-6 SFS-14-6
fiscal year Green Green Green Green

Annual Performance Indicator
For FY 2014: Complete the radio frequency equipmentinstallation at Canberra Deep Space
Communications Complex (CDSCC) to support operations.

Planned Future Performance

For FY 2015: SFS-15-7: Complete the antenna structure at Canberra Deep Space Communications Complex (CDSCC) for Deep Space Station-36 (DSS-36).

For FY 2016: SFS-16-7: Initiate installation of electronics at Canberra Deep Space Communications Complex (CDSCC) for Deep Space Station (DSS-36).
Contributing Theme: Space and Flight Support | Contributing Program: Space Communications and Navigation
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Performance Goa 0 0 0 014
Prioritize and completelaunch and range complex modernization studies and projects to sustain , ) , .
governmentand commercial capabilities at the KennedySpace Center (KSC) and Cape Canaveral Air Force _ o o "
Station (CCAFS).

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Space and Flight Support | Contributing Program: 21st Century Space Launch Complex

FY 2014 Performance Results

NASA created the 21st Century Space Launch Complex (21CSLC) programin FY 2011 to modernize Kennedy Space Centerand Cape Canaveral Air Force
Station. The goal of the enhanced complex s to facilitate multiple launches of different vehicle types from different companies carrying both humans and
cargo to space in a cost-effective and timely manner. Otherimportant projectsinclude enhancements to the range, payload processing capabilities, and
environmental clean-up activities.

In FY 2014, 21CSLC completed an environmental mitigation of the Shuttle Landing Facility and made an arrangement with Space Floridaforits
management. NASA’s commercial partners for the Shuttle Landing Facility, including Morpheus and StarFighter, LLC, actively used the site, and
Stratolaunch Systemswasinthe process of evaluating the site.

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Complete environmental mitigation projects to support horizontal take-off, horizontal

landing commercial partneratthe Shuttle Landing Facility (SLF); complete development ofthe No API this | No API this | No APl this [ No APl this | No API this SFS-14-7
Deployable Launch Systemand Universal Propellant Servicing Systemto enable a small-dass fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

vehicle launch capabilityat Kennedy Space Center; and begin range telemetry systems upgrades.

Planned Future Performance

For FY 2015: SFS-15-8: Complete extension of utilities to support the first horizontal take-off, horizontal landing commercial partner at the Shuttle Landing Facility (SLF), and complete
upgrades to the range telemetry systems.

For FY 2016: SFS-16-8: Complete activities and close out the 21st Century Space Launch Complex Program.

Contributing Theme: Space and Flight Support | Contributing Program: 21st CenturySpace Launch Complex
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Performance Goa 0 0 0 014
No PG No PG No PG

Ensure the strategicavailability and maintenance of facilities that are necessary to meet the long-term this this this
needs and requirements of the Agency. fiscal fiscal fiscal ee
year year year

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Agency Management and Operations | Contributing Program: Strategic Capabilities Assets Program

FY 2014 Performance Results

The NASA Strategic Capabilities Assets Program (SCAP) ensures that essential Agency test facilities are maintained in a state of readiness. SCAP maintains
the skilled workforce and performs essential preventive maintenance to ensure that NASA’s key capabilities and critical assets will continue to be available
inthe future to supportthe missionsthatrequire them;to ensure that capabilities include the right mix of the facilities, equipment, core competencies,
and skilled staff; and toidentify and prioritize NASA’s essential assets, and implement strategicinvestment decisions to sustain, enhance, replace, modify,
or dispose of them based on NASA and national needs. Core capabilities supported within SCAP include thermal vacuum chambers, simulators, and the
ArcJet Facility.

For the period endingin FY 2014, SCAP achieved an overall availability of approximately 98 percentfor its portfolio of assets.

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Achieve a minimumof 80 percent overallavailability of Strategic Ca pabilities Assets
Program (SCAP) portfolio of assets which are necessaryto meet the long-termneeds and
requirements of the Agency.

Planned Future Performance

For FY 2015: SC-15-1: Achieve a minimum of 80 percent overall availability of Strategic Ca pabilities Assets Program (SCAP) portfolio of assets which are necessaryto meet the long-term
needs andrequirements of the Agency.

For FY 2016: SC-16-1: Achieve a minimum of 80 percent overall availability of Strategic Ca pabilities Assets Program (SCAP) portfolio of assets which are necessaryto meet the long-term
needs andrequirements of the Agency.

Contributing Theme: Agency Management and Operations | Contributing Program: Strategic Capabilities Assets Program

No API this | No APl this | No APl this | No APl this | No API this SC-14-1
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green
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Strategic Objective 3.3
Provide secure, effective, and affordable information technologies and
services that enable NASA’s Mission.

Lead Office Goal Leader
Office of the Chief Information Officer (OCIO) Larry Sweet, CIO

Contributing Programs
Agency IT Services

Budget for Strategic Objective 3.3

Actual Enacted Requested Notional
Budget Authority (in$ millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $162 - $179 $182 $184 $187 $190

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information” sectionin the introductionto Part 3.

Vision for Successin 10 Years

Information technology and process support the shift from legacy work patterns to a seamless collaborative and mobile work environment that
safeguards NASA’s information assets. Information technology (IT) resources are transparentlyaligned and prioritized via stakeholder engagement to
optimize ITenablement of NASA’s mission and vision. Funding and operational efficiencies are identified and executed to enable opportunities to reinvest
in both the advancement of NASA’s programs and IT capabilities.

Update of Progress Toward Strategic Objective
The NASA 2014 StrategicReview found that:
e Appropriate strategies have been formulated and aligned to drive achievement of this strategicobjective.
e Therelease of the 2014 NASA Information Resources Management (IRM) Strategic Plan and other documentation providearefreshed IT
foundationand direction forthe nextseveral years.

e AgencyIT Services continueto meetand typically exceed key service level agreement performance measures while implementing cost-saving IT
solutions. Most major planned activities are beingimplemented as expected.
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e Milestones forthree activities (Data Center Consolidation, Personal Identity Verification (PIV) Strong Authentication, and Trusted Internet
Connection (TIC) 2.0), each a mandated cross-agency priority (CAP)goal, are at risk for on-schedule completion of FY 2014 goals. However, OCIO
anticipates full completion of these CAP goals by FY 2015.

e Opportunitiesidentifiedinclude the following:

0 Implementation of new and strengthened capabilities.
0 Implementation of Network Transformation.
0 Maturing “enterprise-first’ approach and expanded IT governance.

FY 2014 achievementsincluded the following:
e NASA migrated over 150 Web applicationstothe Cloud.
e Several enhancements were made to NASA cybersecurity.
e Highlighted achievements during FY 2014 are detailed inthe NASA FY 2014 Agency Financial Report.

Next Steps
Additional details on the strategies for this strategicobjective can be found in the NASA 2014 StrategicPlan. Inaddition, the 2014 NASA Information

Resource Management (IRM) Strategic Plan provides the ITfoundation and direction forthe nextseveralyears.

NextSteps in FY 2015
e Planand implementsecurity technology upgrades for the Security Operations Center (SOC).
¢ Maintain data center consolidation efforts.
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FY 2014 Performance Measures

Strategic Objective 3.3: Provide secure, effective, and affordable information technologies and services that enable NASA’s Mission.

Performance Goal 3.3.1:Enhance NASA's
information security posture through
implementation of automated security and
privacy tools and technologies.

Performance Goal 3.3.2: Identify viable
alternatives to supportFederaland Agency
mobility goals, supporting Workfrom Anywhere
(WFA).

Performance Goal 3.3.3:Consolidate and
centralize the management of information
technology (IT) enterprise services for end user
services, communications, and enterprise
applications.

Performance Goal 3.3.4:By 2015, reduce the
number of datacentersto 22.

Annual Performance Indicators

o AMO-14-17: Identify new tools and technologies
needed tosupport automated security and
privacy systems.

o AMO-14-19: Achieve 95 percentimplementation|
of continuous monitoring cybersecurity
capabilities.

e AMO-14-23: Achieve 50 percentimplementation|
of strong authentication cybersecurity
capabilities.

o AMO-14-24: Achieve 99 percentimplementation|
of Trusted Internet Connection consolidation
cybersecurity capabilities.

e AMO-14-25: Achieve 100 percent
implementation of Trusted Internet Connection
2.0 cybersecurity capabilities.

o AMO-14-18: Implementa Mobile Device
Management (MDM) capability to support
accesstoNASA email and calendaring services
from government and personally owned mobile
devices.

e AMO-14-29: Transition 150 Web applications to
the cloud.

o AMO-14-7: Maintainthe FY 2014 schedule of five
data center consolidations contained in NASA
Federal Data Center Consolidation Plan.
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Performance Goal Ratings for Strategic Objective 3.3, FY 2011 through FY 2014 Annual Performance Indicator Ratings for Strategic Objective 3.3, FY 2009
through FY 2014

100% 100%

80% 80% 3

1 2 1
60% 60%
2 2
40% 40%
20% 20%
0% T T T T 0% T T T T T T T
2011 2012 2013 2014 2009 2010 2011 2012 2013 2014
3.3 3.3

Pastfiscal years do notinclude performance measures that do not trend to the currentfiscal yearannual performance indicators.
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Performance Goal FY2011 FY 2012 FY 2013 | FY 2014
No PG No PG No PG

Enhance NASA’sinformation security posture through implementation of automated security and privacy this this this 3.3.1

toolsand technologies. fiscal fiscal fiscal Yellow

year year year

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency IT Services

FY 2014 Performance Results
NASA’s Office of the Chief Information Officer (OCIO) made progress toward achieving this information security performance goal, with two mitigated

exceptionsthat caused NASA to rate this performance goal yellow. Below are OCIO’s achievements for FY 2014 and performance improvement plans for
FY 2015.

Automated Security and Privacy Systems

OCIO completed astudy to identify the IT security tools currently in use across NASA that are managed and funded at the enterprise level. Furtheranalysis
isbeing performedtovalidate the ITsecurity areas and identify additional tool candidates for enterprise deployment to support automated security
monitoring, detection, and remediation. Additionally, the Mission Support Council—an Agency-level governance council that focuses on mission-enabling
decisions—has approved funding to upgrade and enhance the enterprise IT security tools used across NASA.

Continuous Monitoring Capabilities

NASA’s continuous monitoring cybersecurity capabilities were at 93 percent at the end of FY 2014, slightly below the target of 95 percent, and OCIO
anticipates full completion of the targetimplementationin early FY 2015. Continuous monitoringisacybersecurity approach that monitors ongoing
network performance and configuration and comparesit to specificstandards, business logic, and known vulnerabilities. The continuous monitoring
generates dataand alerts that allow NASA to identify, report on, and quickly resolve problems. NASA will continue to work to reach full operational
capability overthe nexttwoyears. The enterprise effortis supported by NASA’s implementation of the Department of Homeland Security’s (DHS’)
Continuous Diagnostics and Mitigation capabilities as these capabilities are rolled outin FY 2015. OCIO has developed and registered an Agency
Information Security Continuous Monitoring strategy with DHS to describe the Agency’s approach to achieve the required continuous monitoring
capability.

Strong Authentication

In support of the cross-agency priority (CAP) goal for Cybersecurity, NASA achieved 78 percent compliance for strong authentication using personal
identity verification (PIV) authentication for Windows systems. PIV authentication, provided through smartcards, provides multifactor authentication that
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ismore secure than passwords alone. NASA identified asolution to PIV-enable Macand Linux machines and is formulating the related PIV authentication
rollout strategy and funding model.

Trusted Internet Connection Capabilities

In support of the CAP goal for Cybersecurity, NASA’s Trusted Internet Connection (TIC), whichis led by DHS, is operating atthe 99 percenttargetlevel. The
TIC initiativeis optimizing and standardizing external network connections, including connections to the Internet, used by the Federal Government. The
goal is to reduce and consolidate external Internet connections and provide centralized gateway monitoring at TIC Access Providers, improving
cybersecurity andincident response.

TIC 2.0 Capabilities
NASA’s TIC 2.0 capabilities remained at 89 percentin FY 2014. As part of this effort, OCIO completed implementation of Internet Protocol version 6 (IPv6),

a communication protocol used to direct most of the trafficon the Internet. OCIO anticipates completing the full target forthe TIC 2.0 CAP goal during
FY 2015.

Performance ImprovementPlan
OCIO will meet the target for Continuous Monitoring Capabilities by the end of the second quarter of FY 2015, and it will complete the targetforTIC2.0
capabilitiesin FY 2015. OCIO anticipates addressingall currently known risks to this performance goal.

Annual Performance Indicator | FY2009 | Fy2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Identify new tools and technologies needed to s upport automated securityand No APl this | No APl this | No APl this | No API this [ No API this AM%_M_
privacysystems. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: AMO-15-16: Plan and implement security technology upgrades for the Security Operations Center (SOC).

For FY 2016: AMO-16-17: Plan and implement Continuous Diagnostics & Mitigation (CDM) toolsand technologiesinto the NASA environment.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency|IT Services

Annual Performance Indicator | FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
. . . . - . . . . . . AMO-14-

For FY 2014: Achieve 95 percentimplementation of continuous monitoring cybersecurity No APl this | No APl this | No APl this | No API this [ No API this 19

capabilities. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year vellow

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: Agency Management and Operations | Contributing Program: Agency T Services
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Explanation of Rating
NASA’s continuous monitoring capabilities wereat 93 percent at the end of FY 2014. As a result, NASA rated AMO-14-19 yellow. OCIO will meet the 95

percenttargetfor Continuous Monitoring Capabilities by the end of the second quarter of FY 2015. NASA will continue to work to reach full operational
capability overthe nexttwo years.

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | Fy2014
AMO-14-

For FY 2014: Achieve 50 percentimplementation of strongauthentication cybersecurity No API this | No APl this | No APl this | No APl this | No API this 23

capabilities. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: Agency Management and Operations | Contributing Program: AgencyIT Services

Annual Performance Indicator | Fy2009 | Fvy2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Achieve 99 percentimplementation of Trusted Internet Connection consolidation No API this | No APl this | No APl this | No APl this | No API this AMZ;M-
cybersecurity capabilities. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: Agency Management and Operations | Contributing Program: AgencyIT Services

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Achieve 100 percentimplementation of Trusted Internet Connection 2.0 No APl this | No APl this | No APl this | No API this [ No API this AM§)5-14-
cybersecurity capabilities. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year vellow

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: No API this fiscal year

Contributing Theme: Agency Management and Operations | Contributing Program: Agency T Services

Explanation of Rating

OCIO completedimplementation of IPv6. At the end of FY 2014, TIC 2.0 capabilities were at 89 percent, resultinginayellow rating for AMO-14-25. In early
FY 2015, OClOreceived additional resources to continue implementing the TIC 2.0 capabilities and ensure critical business and mission systems receive
priority for use of IPv6-capable TICs. TIC 2.0 capabilitiesimproved to 91 percentas OCIO increased resources to complete a Security Operations Center
Sensitive Compartmented Information Facility and other requirements. OCIO will address enterprise firewalland enterprise virtual private network, or
VPN, capabilities. OCFO anticipates completing the full target forthe TIC 2.0 cross-agency priority goal during FY 2015.
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Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

For FY 2014: Does not trend to EY 2014. NoAPIthls NoAPIthls NoAPIthls NoAPIthls NoAPIthls None
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: AMO-15-25: Increase the security of NASA’s information operations byimplementingthe FY 2015 target cross-agency priority cybersecurity ca pabilities, including
Information Security Continuous Monitoring (1SCM), Identity, Credential, and Access Management (ICAM), and Anti-Phishing & malware defense.

For FY 2016: AMO-16-25: Increase the security of NASA’s information operations byimplementingthe FY 2016 target cross-agency priority cybersecurity ca pabilities, including
Information Security Continuous Monitoring (I1SCM), Identity, Credential, and Access Management (ICAM), and Anti-Phishing & malware defense.

Contributing Theme: Agency Management and Operations | Contributing Program: AgencyIT Services

Perto a E o U U U 014
No PG No PG No PG

Identify viable alternatives to support Federaland Agency mobility goals, supporting Work from Anywhere this this this
(WFA). fiscal fiscal fiscal ee
year year year

Planned Future Performance

This performance goal continues through FY 2015.

Contributing Theme: Agency Managementand Operations | Contributing Program: Agency IT Services

FY 2014 Performance Results

The NASA Office of the Chief Information Officer (OCIO)is on track to achieve this performance goal to support NASA’s Work from Anywhere initiative.
During FY 2014, OCIO deployed Microsoft ActiveSyncto enable managed mobile device access to NASA email and calendaring services. Looking ahead,
OClO also performed sandbox testing of top vendors for NASA’s long-term mobile device management solution. Based on sandbox testing results, OCIO
selected asolutionandis workingtoimplementthe solution as aproduction service. As novendor’s solution completely meets Federal Identity,
Credential, and Access Management (ICAM) requirements, NASA spent the fourth quarter of FY 2014 working with the Mobile Device Management
solution vendor, NASA’s Center for Internal Mobile Applications, and the internal ICAMteam on an approach to meet|ICAMrequirements. On September

30, 2014, the long-term Mobile Device Management project passed the Test Readiness Review stage and NASA initiated a Mobile Device Management
pilotdeployment.

Annual Performance Indicator | Fy2009 | Fvy2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Implement a Mobile Device Management (MDM) ca pability to support access to No APl this | No APl this | No APl this | No API this [ No API this AMSS_M_
NASA email and calendaringservices fromgovernment and personally owned mobile devices. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: AMO-15-17: Publish the target architecture for Work from Anywhere (WFA) implementation with s pecific portfolio roadmaps and details.

For FY 2016: No API this fiscal year

Contributing Theme: Agency Management and Operations | Contributing Program: AgencyIT Services
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Perfto 3 2 of: U U U D14
Consolidate and centralize the management of information technology (IT) enterprise services forend user 5.2.2.1

services, communications, and enterprise applications. ee ee White ee
Planned Future Performance

This performance goal does not continue past FY 2014.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency IT Services

FY 2014 Performance Results

The information technology (IT) enterprise services forend user services, communications, and enterprise applications have been consolidated and are in
operational status. The transition of Web applications by the Web Services Program to a centralized cloud platformis effectively reducing operations and
maintenance costs while improving upon the IT security of the legacy application platforms.

The NASA Office of the Chief Information Officer (OCIO) migrated 158 Web applicationsinto the production cloud environment managed by the Web
Enterprise Service Technologies Prime (WESTPrime) contract. Following these migrations, OCIO’s focus shifted to the consolidation and decommissioning
of applicationsand Web sites, decommissioning 45 applicationsthatnolongerwere relevantfortheir programs or consolidating them into other existing
Web sites and applications. These efforts led to a $3 million decreasein operations and maintenance costs as compared to FY 2013. Furthermore, the
migration of NASA Headquarters’ applications to the centralized environment reduced the Headquarters’ data centerfootprint by 60 percent.

For FY 2014: Transition 150 Web applications to the cloud.

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014
Planned Future Performance
For FY 2015: No API this fiscal year

No API this 101T02 AMfZ' 11- AM?Z' S AMO-13-7 AM% S
fiscal year Green vellow Green White Green
For FY 2016: No API this fiscal year

Contributing Theme: Agency Management and Operations | Contributing Program: AgencyIT Services

Performance Goal FY 2011 FY 2012 FY 2013 | FY 2014

5224 5.2.24 5224 3.34

By 2015, reduce the number of data centers to 22. Green Yellow White Yellow

Planned Future Performance
This performance goal continues through FY 2015.
Contributing Theme: Agency Management and Operations | Contributing Program: Agency IT Services
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FY 2014 Performance Results

NASA continues to make progress toward achieving this performance goal. Since the beginning of the effortto reduce the number of data centers, the
Office of the Chief Information Officer (OCIO) has closed 26 of the 59 advertised data centers, resultingin 28,892 square feet of white space closed for
disposal orrepurposing.

During FY 2014, OCIO completed only three of the five originally planned data center closures, resultingin ayellow rating for this performance goal. OCIO
is mitigating challenges facing data center consolidation efforts resulting from changes to Center construction plans or facility modifications.

Performance ImprovementPlan

OCIO will close adata centerat NASA’s Langley Research Centerin FY 2016. This will allow the data centerto be consolidated into Langley’s new
Computation Research Facility, eliminating the need to move the capability twice. After a cost-benefit analysis, OCIO also postponed adata center
consolidation at Kennedy Space Center untilthe opening of the new Kennedy Data Centerin FY 2015.

Annual Performance Indicator FY 2009 FY 2010 | FY 2011 | FY 2012 FY 2013 FY 2014
AMO-11- AMO-12-
15 15
Green Green

For FY 2014: Maintain the FY 2014 schedule of five data center consolidations contained in NASA
FederalData Center Consolidation Plan.

No API this
fiscal year

No API this

fiscal year Yellow

Planned Future Performance

For FY 2015: AMO-15-18: Maintainthe FY 2015 schedule often data center consolidations contained in NASA Federal Data Center Consolidation Plan.
For FY 2016: No API this fiscal year

Contributing Theme: Agency Management and Operations | Contributing Program: AgencyIT Services

Explanation of Rating

During FY 2014, OCIO completed three of the five originally planned data center closures: the Mission Operations Directorate’s Office Automation Data
Centerat Johnson Space Center, the Flight Simulation Facility at Langley Research Center (LaRC), and the Advanced Computing Concepts Laboratory at
Glenn Research Center. OCIO postponed closure of two data centers; as a result, NASA rated AMO-14-7 yellow.

The data centerclosures thatshifted beyond FY 2014 included the Computational Fluid Dynamic Data Centerat LaRC and the Space Station Processing
Facility Data Centerat the Kennedy Space Center (KSC). OCIO will closethe LaRCdata centerin FY 2016 to allow its consolidation into anew Computation
Research Facility, eliminating the need to move the capability twice. Based on a cost-benefit analysis, OCIO has postponed the KSC consolidation until the
openingof the new Kennedy Data Centerin FY 2015.
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Performance Goal FY 2011 FY 2012 FY 2013 | FY 2014
No PG No PG No PG

Does not trend to FY 2014. Fhls Tch|s tch|s None
fiscal fiscal fiscal
year year year

Planned Future Performance

For FY 2015 and FY 2016: 3.3.5: By 2017, operate as a single NASA enterprise network and effectively utilize the bandwidth of the Communications
Services Office (CSO) backbone for both corporate and mission data, enabling more efficient use of available capacity whileimproving performance with
no degradation to mission services.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency IT Services

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014

No APl this | No APl this | No APl this | No API this [ No API this

For FY2014: Does nottrendto FY 2014. . . . . .
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

None

Planned Future Performance

For FY 2015: AMO-15-26: Complete the Mission Next Generation Architecture (MNGA).

For FY 2016: AMO-16-26: Complete the Consolidated Network Operations System (CNOS) Project.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency|IT Services

Performance Goal FY 2011 FY 2012 FY 2013 | FY 2014
No PG No PG No PG

Does not trend to FY 2014. Fhls jch|s Fhls None
fiscal fiscal fiscal
year year year

Planned Future Performance

For FY 2015 and FY 2016: 3.3.6: Enhance NASA’s data management through open dataactions, research and development data access, and new data
modelingand technologies.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency IT Services
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Does not trend to FY 2014. No APl this | No APl this [ No APl this | No APl this | No API this None

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: AMO-15-27: Provide access to high-quality data thatis available and accessible to spurinnovation.

For FY 2016: AMO-16-27: Provide information architecture to manage NASA’'s data more efficiently.

Contributing Theme: Agency Management and Operations | Contributing Program: AgencyIT Services

Annual Performance Indicator | FY2009 | FYy2010 | FY2011 | FY2012 | FY2013 | FY2014

For FY 2014: Does nottrend to FY 2014. No APIthis | No API this | No API this | No API this | NoAPIthis |
fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY 2016: AMO-16-28: Provide hosting and data infrastructure for R&D data and publications.

Contributing Theme: Agency Management and Operations | Contributing Program: AgencyIT Services

Performance Goal FY 2011 FY 2012 FY 2013 | FY 2014
No PG No PG No PG

Does not trend to FY 2014. Fhls Fhls Fhls None
fiscal fiscal fiscal
year year year

Planned Future Performance

For FY 2015 and FY 2016: 3.3.7: Increase the adoption of technologies and services such as cloud computing throughout NASA’s infrastructure and
mission, leveraging savings from solutions such as reduced capital expenditures from not owning hardware, benefits from new technology capabilities,
and increased computing flexibility available with "pay as you go" services.

Contributing Theme: Agency Management and Operations | Contributing Program: Agency IT Services

Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Does not trend to FY 2014. No API this | No APl this [ No APl this | No API this | No API this None

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: AMO-15-29: Onboard two significant communities intothe cloud in FY 2015.

For FY2016: AMO-16-29: Onboard two significant communities intothe cloud in FY 2016.

Contributing Theme: Agency Management and Operations | Contributing Program: AgencyIT Services
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
For FY 2014: Does not trend to FY 2014. No APl this | No APl this [ No APl this | No APl this | No API this None

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

Planned Future Performance

For FY 2015: No API this fiscal year

For FY2016: AMO-16-30: Implement atleast one newtechnologysolution thatimproves efficiency and the effectiveness ofend user service deliveryto NASA’s workforce.
Contributing Theme: Agency Management and Operations | Contributing Program: AgencyIT Services
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Strategic Objective 3.4
Ensure effective management of NASA programs and operations to complete
the mission safely and successfully.

Lead Office Goal Leader
Office of Safety and Mission Assurance (OSMA); Office of the Chief Engineer Hal Bell, Deputy Chief, Office of Safety and Mission Assurance
(OCE); and Office of the Chief Health and Medical Officer (OCHMO).

Contributing Programs
Program elements consist of work managed by OCE, OSMA, and OCHMO.

Budget for Strategic Objective 3.4

Actual Enacted Requested Notional
Budget Authority (in S millions) FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020
Total Budget $179 --- $167 $169 $172 S174 S177

Note: For explanation of budget table, pleasesee the “How to Read the Strategic Review Information”sectionin the introduction to Part 3.

Visionfor Successin 10 Years
Safety and Mission Success (SMS) programs will be successful if NASA protects the health and safety of the NASA workforce and improves the likelihood
that NASA’s programs, projects, and operations are completed safely and successfully.

Update of Progress Toward Strategic Objective
The NASA 2014 StrategicReview found that:

e SMS contributestothe Agency’s safety and success by establishing applicable safety, engineering and health policy directives and procedural
requirements and assuring they are appropriatelyimplemented. All NASA policies and procedures are completely reviewed and revised as needed
on a five-yearcycle.

e Throughoutthe next 10 years, discipline experts will continueto analyze the criticality of technical, safety, and health risks and evaluate risk
acceptability through an established process of independent reviews and assessments. The information and advice from these experts provide
importantknowledge used by the technical authorities to develop authoritative decisions related to the application of requirements within
programs and projects.

e Although some evaluations and elements are being delayed, SMS will be able to continue its critical work.
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FY 2014 achievementsincluded the following:

e Zerofatalitiesorpermanentdisablinginjuries to the publicresulted from NASAactivities.

e NASA maintained aTotal Case Rate and Lost Time Case Rate thatexceeded the goals of the President’s Protecting Our Workers and Ensuring
Reemploymentinitiative.

e Non-mission failure damage to NASA assets was reduced.

e 100 percentof Category 1 and 2 projects used Agency Safety and Mission Success policy, procedures and independent assessments focused on
both technical and programmatic mission success; and 100 percent of the engineering and programmatic workforce had access to the standards
and knowledge base needed to maintain and build their skills.

e Highlighted achievements during FY 2014 are detailed inthe NASA FY 2014 Agency Financial Report.

Next Steps
Additional details on the strategies forthis strategicobjective can be foundinthe NASA 2014 Strategic Plan.

NextSteps in FY 2015

SMS will continue to ensure effective management of NASA programs and operations to complete the Mission safely and successfully. Discipline experts
will continue to analyze the criticality of technical, safety, and health risks and evaluate risk acceptability through an established process of independent
reviews and assessments.

FY 2014 Performance Measures

Strategic Objective 3.4: Ensure effective management of NASA programs and operations to complete the mission safely and successfully.

Performance Goal 3.4.1: Assure the safety and health of NASA’s activities and reduce damage to assets Performance Goal 3.4.2:Implementthe policies, procedures and oversight to continuously improve the
through the development, implementation, and oversight of Agency-wide safety, reliability, probability of technical and programmatic mission success.
maintainability, quality assurance and healthand medical policies and procedures.

Annual Performance Indicators

o AMO-14-4: Assure zero fatalities or permanent disabling injuries to the public resulting from NASA e AMO-14-15: Ensure 100 percentof Category 1 and 2 projects use Agency Safetyand Mission Success

activitiesduring FY 2014. policy, procedures andindependent assessments focused on both technical and programmatic mission
e AMO-14-5: Maintaina Total Case Rateand Lost Time Case Rate that meets orexceeds the goals of the success.
President’s Protecting Our Workers and Ensuring Reemployment (POWER) initiative. e AMO-14-16: Ensure that 100 percentof the engineering and programmatic workforce has accessto the

e AMO-14-6: Reduce damage to NASA assets (excluding launched flight hardware) by two percent during standards and knowledge base needed to maintainand build theirskills.
FY 2014, based on a five-year running average (that also excludes launched flight hardware).
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Performance Goal Ratings for Strategic Objective 3.4, FY 2011 through FY 2014
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Pastfiscal years do notinclude performance measures that do not trend to the currentfiscal yearannual performance indicators.
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Performance Goa 0 0 0 014
Assure the safety and health of NASA’s activities and reduce damage to assets through the development,

implementation, and oversight of Agency-wide safety, reliability, maintainability, quality assurance and

health and medical policies and procedures.

Planned Future Performance

This performance goal continues through FY 2015 and FY 2016.

Contributing Theme: Agency Management and Operations | Contributing Program: Safety and Mission Success

FY 2014 Performance Results
NASA assured the safety and health of its activities and reduced the damage toits assetsin FY 2014. Thiswas demonstrated by the following: no fatalities
or permanentdisablinginjuries to the publicfrom NASA activities; NASA’s Total Case Rate and Lost Time Case Rate were underthe injury/illness goals

established in the President’s Protecting Our Workers and Ensuring Reemployment (POWER) initiative; and the non-mission failure damage costsin FY
2014 were significantly below the five-year runningaverage.

More informationis available on NASA’s Office of Safety and Mission Assurance Web site.

Annual Performance Indicator
For FY 2014: Assure zero fatalitiesor permanent disabling injuriesto the public resulting from
NASA activities during FY 2014.

Planned Future Performance

For FY 2015: AMO-15-19: Assure zero fatalities or permanent disabling injuries to the public resulting from NASA activities during FY 2015.

For FY 2016: AMO-16-19: Assure zero fatalities or permanent disabling injuries to the public resulting from NASA activities during FY 2016.
Contributing Theme: Agency Management and Operations | Contributing Program: Safetyand Mission Success

| FY2009 | Fv2010 | FYy2011 | FY2012 | FY2013 | FY2014
No API this [TV ‘ AMO-11-9 ‘ AMO-12-9 ‘ AMO-13-4 ‘ AMO-14-4

fiscal year Green Green Green Green Green

Annual Performance Indicator

FY2009 | FY2010 | FY2011 | Fy2012 FY 2013 FY 2014

No API this AM%”' AMfo'lz' AMO-13-5 | AMO-14-5
fiscal year Red Green Green Green

For FY 2014: Maintain a Total Case Rate and Lost Time Case Rate that meets or exceeds the goals
of the President’s Protecting Our Workers and Ensuring Reemployment (POWER) i nitiative.

No API this
fiscal year

Planned Future Performance

For FY 2015: AMO-15-20: Maintaina TotalCase Rate and Lost Time Case Rate that meets or exceeds the goals of the President’s Protecting Our Workers and Ensuring Reemployment
(POWER) initiative.

For FY 2016: AMO-16-20: Maintaina TotalCase Rate and Lost Time Case Rate that meets or exceeds the goals of the President’s Protecting Our Workers and Ensuring Reemployment
(POWER) initiative.

Contributing Theme: Agency Management and Operations | Contributing Program: Safetyand Mission Success
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY 2014: Reduce damage to NASA assets (excluding launched flight hardware) by two percent No API this AMO-11- AMO-12-

during FY 2014, based on a five-year runningaverage (that also excludeslaunched flight . NO API this 11 11 b0 Aua0A e
hardware) fiscal year | fiscal year Green Green

Red Green
Planned Future Performance

For FY 2015: AMO-15-21: Reduce damage to NASA assets (excluding launched flight hardware) by two percent during FY 2015, based on a five-year running average (that also excludes
launched flight hardware).

For FY 2016: AMO-16-21: Reduce damage to NASA assets (excluding launched flight hardware)in FY 2016 to a level lessthan the historical annualaverage.

Contributing Theme: Agency Management and Operations | Contributing Program: Safetyand Mission Success

P 0 a E of: U U U D14
No PG No PG No PG

Implementthe policies, procedures and oversight to continuously improve the probability of technical and this this this 4

programmaticmission success. fiscal fiscal fiscal ee
year year year

Planned Future Performance
This performance goal continues through FY 2015 and FY 2016.
Contributing Theme: Agency Managementand Operations | Contributing Program: Safety and Mission Success

FY 2014 Performance Results

NASAisimplementing the policies, procedures, and oversight necessary to continuously improve the probability of technical and programmaticmission
success. Projects are assigned to Category 1, 2, or 3 based on the estimated lifecycle costs and priority level. During FY 2014, 100 percent of Category 1
and 2 projects complied with Safety and Mission Success policies and procedures. Specifically, all Category 1and 2 projects that conducted lifecycle
reviews alsowere subjecttoindependent assessments; all Category 1and 2 projects either were executingto an approved plan, orwereinan approved
rebaseline planning cycle; and the NASA Engineering and Safety Center had the capability and capacity to accept all requested assessments of Category 1
and 2 projects. Inaddition, the entireengineering and programmatic workforce had access to the standards and knowledge base necessary to achieve or
maintain their project manager certification requirements.

Find out more about NASA’s Office of the Chief Engineer, Office of the Chief Health and Medical Officer, and Office of Safety and Mission Assurance.
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Annual Performance Indicator FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

For FY2014:_ Ensure 100 percen_tofCategoryland 2 projects useAgencySafety:fmd Mission No APl this | No APIthis | No APIthis | No APIthis | No API this AMO-14-
Success policy, procedures and independent assessments focused on both technical and 15

fiscal year | fiscal year | fiscal year | fiscal year | fiscal year

programmatic mission success. Green

Planned Future Performance

For FY 2015: AMO-15-22: Ensure 100 percent of Categoryland2 projects use Agency Safety and Mission Success policy, proceduresandindependent assessments focused on both
technical and programmatic mission success.

For FY2016: AMO-16-22: Ensure 100 percent of Categoryland 2 projects use Agency Safety and Mission Success policy, proceduresandindependent assessments focused on both
technical and programmatic mission success.

Contributing Theme: Agency Management and Operations | Contributing Program: Safetyand Mission Success

Annual Performance Indicator | FY2009 | FY2010 | FY2011 | FY2012 | FY2013 | FY2014
For FY 2014: Ensure that 100 percent of the engineering and programmatic workforce has access No APl this | No APl this | No APl this | No APl this | No API this AM?G-M-
to the standards and knowledge base needed to maintainand build their skills. fiscal year | fiscal year | fiscal year | fiscal year | fiscal year Green

Planned Future Performance

For FY 2015: AMO-15-23: Ensure that 100 percent of the engineering and programmatic workforce hasaccessto the standards and knowledge base needed to maintainand build their
skills.

For FY2016: AMO-16-23: Ensure that 100 percent of the engineering and programmatic workforce hasaccessto the standards and knowledge base needed to maintain and build their
skills.

Contributing Theme: Agency Management and Operations | Contributing Program: Safetyand Mission Success
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